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(54) SWITCHING POWER SUPPLY UNIT AND ELECTRONIC DEVICE USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a switching power supply unit 
which has less switching loss under light load and which has no 
problems, such as intermittent oscillation and increased output ripples, 
and to provide electronic devices using the switching power supply 
unit. 

SOLUTION: A control circuit 4, between a feedback winding N3 and a 
switching element Q1, is provided with an on-period control circuit 
which controls the on-period of the switching element 01 , based on 
feedback signals, so that the on-period becomes shortens, the load is 
made light in weight to make output voltage constant; a minimum on- 
period setting circuit which suppresses the operation of the on-period 
control circuit, so as to prevent the on-period of the switching element 
01 from being made shorter than the specified minimum on-period 
under light load; and an off-period control circuit which controls the off- 
period of the switching element 01 , so that the off-period is prolonged made, the lighter the load becomes 
light load. Thus, switching loss under light load is reduced. Furthermore, the occurrence of intermittent 
oscillation and increase in ripples are prevented under light load. 
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PROBLEM TO BE SOLVED: To provide a switching power supply unit which has 
less switching loss under light load and which has no problems, such as 
intermittent oscillation and increased output ripples, and to provide electronic 
devices using the switching power supply unit. 

SOLUTION: A control circuit 4, between a feedback winding N3 and a switching 
element 01 , is provided with an on-period control circuit which controls the on- 
period of the switching element 01 , based on feedback signals, so that the on- 
period becomes shortens, the load is made light in weight to make output voltage 
constant; a minimum on-period setting circuit which suppresses the operation of 
the on-period control circuit, so as to prevent the on-period of the switching 
element 01 from being made shorter than the specified minimum on-period 



(21) Application number : 2001- (71)Applicant : 

172789 

(22) Date of filing : 07.06.2001 (72)lnventor : 



under light load; and an off-period control circuit which controls the off-period of 
the switching element Q1, so that the off-period is prolonged made, the lighter 
the load becomes light load. Thus, switching loss under light load is reduced. 
Furthermore, the occurrence of intermittent oscillation and increase in ripples are 
prevented under light load. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The transformer which has a primary winding, a secondary winding, 
and a feedback winding, and the switching element connected to said primary 
winding at the serial, The control circuit connected between said feedback 
windings and control terminals of said switching element, The rectification 
smoothing circuit which carries out rectification smooth [ of the electrical potential 
difference which connects with said secondary winding and is generated in said 
secondary winding ], and outputs it. In switching power supply equipment 
equipped with the output voltage detecting circuit which detects the electrical 
potential difference outputted from this rectification smoothing circuit, and outputs 
the feedback signal over said control circuit Switching power supply equipment 
characterized by controlling a "on" period in the larger range than the 
predetermined minimum "on" period at the time of a non-light load, and for said 
control circuit fixing a "on" period to the minimum "on" period at the time of a light 
load, and controlling a "off' period so that output voltage becomes fixed based on 
said feedback signal. 

[Claim 2] The transformer which has a primary winding, a secondary winding, 
and a feedback winding, and the switching element connected to said primary 
winding at the serial, The control circuit connected between said feedback 
windings and control terminals of said switching element, The rectification 
smoothing circuit which carries out rectification smooth [ of the electrical potential 
difference which connects with said secondary winding and is generated in said 
secondary winding ], and outputs it, In switching power supply equipment 



equipped with the output voltage detecting circuit which detects the electrical 
potential difference outputted from this rectification smoothing circuit, and outputs 
the feedback signal over said control circuit Said control circuit so that output 
voltage may become fixed based on said feedback signal The "on" period control 
circuit which controls the "on" period of said switching element to become so 
short that a load become light at the time of a non-light load, The minimum "on" 
period setting circuit which controls turn-off actuation of said switching element 
by said "on" period control circuit so that the "on" period of said switching 
element may not become shorter than the predetermined minimum "on" period at 
the time of a light load, Switching power supply equipment characterized by 
having the "off" period control circuit which controls the "off" period of said 
switching element to become so long that a load become light when said 
minimum "on" period setting circuit has controlled actuation of said "on" period 

■ 

control circuit at the time of a light load. 

[Claim 3] Switching power supply equipment according to claim 2 characterized 
by operating in current criticality mode at the time of a non-light load. 
[Claim 4] While said "on" period control circuit charges or discharges to the "on" 
period of said switching element It has the 1st capacitor by which the timing of 
the turn-off of said switching element is determined when the electrical potential 
difference determined by said feedback signal is in agreement or the both-ends 
electrical potential difference intersects it. While said minimum "on" period setting 
circuit charges or discharges to the "on" period of said switching element It has 
the 2nd capacitor which controls the turn-off of said switching element by said 
"on" period control circuit until the both-ends electrical potential difference is in 
agreement or intersects reference voltage. While said "off" period control circuit 
charges or discharges at the "off* period of said switching element Switching 
power supply equipment according to claim 2 or 3 characterized by having the 
3rd capacitor by which the timing of the turn-on of said switching element is 
determined when the electrical potential difference determined by said feedback 
signal is in agreement or the both-ends electrical potential difference intersects it. 



[Claim 5] Switching power supply equipment according to claim 4 characterized 
by said 1st capacitor serving as said 3rd capacitor. 

[Claim 6] Switching power supply equipment according to claim 4 characterized 
by said 1st capacitor serving as said 2nd and 3rd capacitors. 
[Claim 7] When it is in agreement or crosses from the electrical potential 
difference and one direction where the both-ends electrical potential difference of 
said 1st capacitor is determined by said feedback signal while said "on" period 
control circuit is operating, the timing of the turn-off of said switching element is 
determined. When said minimum "on" period setting circuit has controlled 
actuation of said "on" period control circuit Switching power supply equipment 
according to claim 5 or 6 characterized by determining the timing of the turn-on of 
said switching element when the both-ends electrical potential difference of said 
1st capacitor is in agreement or crosses from the electrical potential difference 
determined by said feedback signal, and hard flow. 
[Claim 8] Said minimum "on" period setting circuit is switching power supply 
equipment according to claim 4 to 7 which is contained in said "on" period control 
circuit, and is characterized by being a means only for a fixed period to control 
actuation of said "on" period control circuit from the turn-on of said switching 
element, and to forbid the turn-off of said switching element at the time of a light 
load. 

[Claim 9] Said minimum "on" period setting circuit is switching power supply 
equipment according to claim 8 characterized by forbidding the turn-off of said 
switching element until it discharges said 1st capacitor at the time of the turn-on 
of said switching element and the electrical potential difference of said 1st 
capacitor intersects [ a predetermined electrical potential difference is in 
agreement or ] it by subsequent charge. 

[Claim 10] The electronic instrument characterized by using switching power 
supply equipment according to claim 1 to 9. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electronic instrument which 
used switching power supply equipment and it especially the switching power 
supply equipment which aimed at loss reduction at the time of a light load, and 
the electronic instrument using it. 
[0002] 

[Description of the Prior Art] In switching power supply equipment, for example, 
the switching power supply equipment of a RCC method, there is a property in 
which a switching frequency changes according to the gravity of a load. That is, a 
switching frequency falls, and since the ON time amount and off time amount of a 
switching element become short at both the times of a light load since the ON 
time amount and off time amount of a switching element become long at both the 
times of heavy loading, a switching frequency rises. Although various loss occurs 
in switching power supply equipment, there is a thing called the switching loss 
generated for every switching in a switching element also in it. Since it generates 
for every switching, switching loss has the problem of switching loss becoming 
large if a frequency rises at the time of a light load, and becoming the main things 
of loss of the switching power supply equipment at the time of a light load. 



Moreover, when a load becomes very light, there is also a problem that an 
intermittent oscillation occurs, an output ripple increases or an allophone occurs. 
[0003] Then, in order to suppress the rise of the switching frequency at the time 
of a light load, the switching power supply equipment which reduces the count of 
the switching to the time of a light load is indicated by JP,2001-16849,A. Here, 
when the minimum ON time amount of a switching element is set up, a load 
becomes light and output voltage rises, the signal to which the turn-on of the 
switching element tends to be carried out was masked, and the turn-on is 
controlled so that the ON time amount of a switching element may not become 
shorter than the minimum ON time amount. By this, the count of switching at the 
time of a light load is reduced, and reduction of switching loss is aimed at. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the switching power 
supply equipment indicated by JP,2001-16849,A, since it is the technique to 
which the turn-on of the signal to which the turn-on of the switching element 
tends to be carried out is not masked and carried out only when output voltage is 
beyond the set point, the "off' period or frequency of a switching element are not 
necessarily regularity in a static load. Therefore, neither increase of an output 
ripple nor the problem of an allophone necessarily improves. 
[0005] For the purpose of solving the above-mentioned trouble, this invention has 
little switching loss at the time of a light load, and offers the switching power 
supply equipment which the problem of an intermittent oscillation or increase of 
an output ripple does not generate, and the electronic instrument using it. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the switching power supply equipment of this invention The transformer which 
has a primary winding, a secondary winding, and a feedback winding, and the 
switching element connected to said primary winding at the serial, The control 
circuit connected between said feedback windings and control terminals of said 
switching element. The rectification smoothing circuit which carries out 



rectification smooth [ of the electrical potential difference which connects with 
said secondary winding and is generated in said secondary winding ], and 
outputs it, In switching power supply equipment equipped with the output voltage 
detecting circuit which detects the electrical potential difference outputted from 
this rectification smoothing circuit, and outputs the feedback signal over said 
control circuit Said control circuit is characterized by controlling a "on" period in 
the larger range than the predetermined minimum "on" period at the time of a 
non-light load, fixing a "on" period to the minimum "on" period at the time of a 
light load, and controlling a "off" period so that output voltage may become fixed 
based on said feedback signal. 

[0007] Moreover, the transformer by which the switching power supply equipment 
of this invention has a primary winding, a secondary winding, and a feedback 
winding. The control circuit connected between the switching element connected 
to said primary winding at the serial, and said feedback winding and control 
terminal of said switching element, The rectification smoothing circuit which 
carries out rectification smooth [ of the electrical potential difference which 
connects with said secondary winding and is generated in said secondary 
winding ], and outputs it, In switching power supply equipment equipped with the 
output voltage detecting circuit which detects the electrical potential difference 
outputted from this rectification smoothing circuit, and outputs the feedback 
signal over said control circuit Said control circuit so that output voltage may 
become fixed based on said feedback signal The "on" period control circuit which 
controls the "on" period of said switching element to become so short that a load 
become light at the time of a non-light load, The minimum "on" period setting 
circuit which controls turn-off actuation of said switching element by said "on" 
period control circuit so that the "on" period of said switching element may not 
become shorter than the predetermined minimum "on" period at the time of a 
light load. When said minimum "on" period setting circuit has controlled actuation 
of said "on" period control circuit at the time of a light load, it is characterized by 
having the "off* period control circuit which controls the "off" period of said 



switching element to become so long that a load become light. 

[0008] Moreover, the switching power supply equipment of this invention is 

characterized by operating in current criticality mode at the time of a non-light 

load. 

[0009] Moreover, while the switching power supply equipment of this invention 
charges or discharges to the "on" period of said switching element, said "on" 
period control circuit It has the 1st capacitor by which the timing of the turn-off of 
said switching element is determined when the electrical potential difference 
determined by said feedback signal is in agreement or the both-ends electrical 
potential difference intersects it. While charging or discharging to the "on" period 
of said switching element, said minimum "on" period setting circuit It has the 2nd 
capacitor which controls the turn-off of said switching element by said "on" period 
control circuit until the both-ends electrical potential difference is in agreement or 
intersects reference voltage. While charging or discharging at the "off' period of 
said switching element, said "off' period control circuit When the electrical 
potential difference determined by said feedback signal is in agreement or the 
both-ends electrical potential difference intersects it, it is characterized by having 
the 3rd capacitor by which the timing of the turn-on of said switching element is 
determined. 

[0010] Moreover, the switching power supply equipment of this invention is 
characterized by said 1st capacitor serving as said 3rd capacitor. 
[001 1] Moreover, the switching power supply equipment of this invention is 
characterized by said 1st capacitor serving as said 2nd and 3rd capacitors. 
[0012] Moreover, while said "on" period control circuit is operating, the switching 
power supply equipment of this invention When the both-ends electrical potential 
difference of said 1st capacitor is in agreement or crosses from the electrical 
potential difference determined by said feedback signal, and an one direction, the 
timing of the turn-off of said switching element is determined. When said 
minimum "on" period setting circuit has controlled actuation of said "on" period 
control circuit When the both-ends electrical potential difference of said 1st 



capacitor is in agreement or crosses from the electrical potential difference 
determined by said feedback signal, and hard flow, it is characterized by 
determining the timing of the turn-on of said switching element. 
[0013] Moreover, it is characterized by being a means for said minimum "on" 
period setting circuit to be included in said "on" period control circuit, and, as for 
the switching power supply equipment of this invention, only for a fixed period to 
control actuation of said "on" period control circuit from the turn-on of said 
switching element at the time of a light load, and to forbid the turn-off of said 
switching element. 

[0014] Moreover, the switching power supply equipment of this invention is 
characterized by forbidding the turn-off of said switching element until said 
minimum "on" period setting circuit discharges said 1st capacitor at the time of 
the turn-on of said switching element and the electrical potential difference of 
said 1st capacitor intersects [ a predetermined electrical potential difference is in 
agreement or ] it by subsequent charge. 

[0015] Moreover, the electronic instrument of this invention is characterized by 
using above switching power supply equipment. 

[0016] Thus, by constituting, reduction of the switching loss at the time of a light 
load can be aimed at in the switching power supply equipment of this invention. 
Moreover, generating of the intermittent oscillation at the time of a light load and 
increase of a ripple can be prevented, 

[0017] Moreover, in the electronic instrument of this invention, improvement in 

the effectiveness at the time of standby can be aimed at. 

[0018] 

[Embodiment of the Invention] The circuit diagram of one example of the 
switching power supply equipment of this invention is shown in drawing 1 . The 
transformer T by which switching power supply equipment 1 has a primary 
winding N1, a secondary winding N2, and a feedback winding N3 in drawing 1 
The switching element Q1 which consists of DC power supplies Vin and 
MOSFET connected to the primary winding N1 at the serial. It has the 



rectification smoothing circuit 2 connected to the secondary winding N2, the 
output voltage detecting circuit 3 connected to the rectification smoothing circuit 2, 
and the control circuit 4 prepared between a feedback winding N3 and the gate 
which is the control terminal of a switching element Q1. Among these, the output 
voltage detecting circuit 3 has the photodiode PD of the photo couplers for 
outputting a feedback signal to a control circuit 4, and it is connected so that a 
load becomes light, output voltage becomes high, and the amount of 
luminescence may increase. 

[0019] Next, a control circuit 4 is explained. The end of a feedback winding N3 is 
connected to the gate of a switching element Q1 through between a capacitor C1 
and the emitter-collector of a transistor Q2, and the other end is connected to the 
source of a switching element Q1, i.e., a gland. Diode D1 is connected between 
the emitter-collectors of a transistor Q2, the capacitor C2 is connected between 
the emitter-bases, and the base is further connected to DC power supply Vin for 
the emitter through between the collector emitters of resistance R2 and a 
transistor Q3 in the gland in order through the starting resistance R1. 
[0020] The capacitor C3 is connected between collector emitters by connecting a 
collector to a constant current source I, and connecting an emitter to a gland, and 
the collector is further connected to the inversed input terminal of a comparator 
IC 1 , and the non-inversed input terminal of a comparator IC 2 for the photo 
transistor PT which is the photodiode PD of the output voltage detecting circuit 3, 
and a pair. In addition, a constant current source I is made from the power 
source which carried out rectification smooth [ of the electrical potential 
difference of DC power supply Vin or a feedback winding N3 ]. 
[0021] Moreover, the end of a feedback winding N3 is connected with resistance 
R3 in the gland through the capacitor C4 which is the 1st capacitor in order, and 
the node of resistance R3 and a capacitor C4 is connected to the non-inversed 
input terminal of a comparator IC 1 . The output of a comparator IC 1 is 
connected to one input of AND-circuit IC4. The end of a feedback winding N3 is 
further connected with zener diode D3 through resistance R4 in the gland 



through the parallel circuit of the capacitor C5 which is the 3rcl capacitor, and the 
node of resistance R4 and a capacitor C5 is connected to the inversed input 
terminal of a comparator IC 2. The output of a comparator IC 2 is connected to 
the base of a transistor Q3 through resistance R5. 

[0022] Furthermore, the end of a feedback winding N3 is further connected with 
diode D2 through resistance R6 in the gland through the parallel circuit of the 
capacitor C6 which is the 2nd capacitor, and the node of resistance R6 and a 
capacitor C6 is connected to the non-inversed input terminal of a comparator IC 
3. The source Vref of reference voltage is connected to the inversed input 
terminal of a comparator IC 3, and the output is connected to the input of another 
side of AND-circuit IC4. The output of AND circuit 14 is connected to the base of 
a transistor Q4 through resistance R7, and the gate of a switching element Q1 is 
connected to the gland through between the collector emitters of a transistor Q4. 
[0023] Next, actuation of the switching power supply equipment 1 constituted in 
this way is explained with reference to drawing 2 . Drawing 2 shows time amount 
change of the both-ends electrical potential difference Vc4 of the capacitor C4 
which is the electrical potential difference Vbias and the 1st capacitor of the 
feedback winding N3 at the time of (a) rating of switching power supply 
equipment 1, and the (b) light load, the both-ends electrical potential difference 
Vc5 of the capacitor C5 which is the 3rd capacitor, and the both-ends electrical 
potential difference Vc6 of the capacitor C6 which is the 2nd capacitor. Here, Vfb 
is the collector voltage of a photo transistor PT, and is inputted into the inversed 
input terminal of a comparator IC 1 as feedback voltage. Although Vfb is changed 
according to fluctuation of a load, when output voltage is fixed, it becomes an 
almost fixed value. Here, a constant current source I, a photo transistor PT, and 
a capacitor C3 are called a feedback voltage generating circuit. Moreover, Vz is a 
cathode electrical potential difference at the time of breakdown actuation of zener 
diode D3, and is inputted into the inversed input terminal of a comparator IC 2. 
And Vref is connected to the inversed input terminal of a comparator IC 3 on the 
electrical potential difference of the source Vref of reference voltage. 



[0024] First, time amount is explained for the actuation at the time of rating which 
it is at the non-light load time later on. In addition, the cases at the time of rating 
heavier than it etc. are defined for the case where a load is lighter than the value 
decided beforehand here as the time of a non-light load at the time of a light load. 
[0025] (t=0-t1) If a switching element Q1 carries out a turn-on, a current will flow 
to a primary winding N1, the electrical potential difference Vbias of a feedback 
winding N3 just becomes coincidence, and charge of capacitors C4, C5, and C6 
starts. Charge of a capacitor C5 stops, when the both-ends electrical potential 
difference Vc5 reaches Vz, and it is not charged any more. In addition, since Vfb 
is set up at the time of rating so that it may be set to level higher than Vz, the 
output of a comparator IC 2 sen/es as H level. When the output of a comparator 
IC 2 is H level, the transistor Q3 is an ON state and the transistor Q2 has also 
become an ON state by it. 

[0026] (t=t1-t2) If the both-ends electrical potential difference Vc6 of a capacitor 
C6 exceeds Vref, the output of a comparator IC 3 will be set to H level. However, 
at this time, since the both-ends electrical potential difference Vc4 of a capacitor 
C4 is not over Vfb, the output of a comparator IC 1 is maintaining L level, and the 
output of AND-circuit IC4 is maintaining L level. 

[0027] (t=t2-t3) If the both-ends electrical potential difference Vc4 of a capacitor 
C4 exceeds Vfb, the output of a comparator IC 1 will be set to H level. Both two 
inputs of AND-circuit IC4 serve as H level, the output also serves as H level, and 
a transistor 04 is made to turn on through resistance R7 by this. When a 
transistor 04 turns on, a switching element 01 carries out a turn-off, and a "on" 
period expires. That is, intersecting Vfb whose both-ends electrical potential 
difference Vc4 of the capacitor C4 which is the 1 st capacitor is an electrical 
potential difference determined by the feedback signal becomes the trigger as 
which the timing of the turn-off of a switching element 01 is determined, and a 
"on" period will be decided. 

[0028] Since resistance between collector emitters falls so that a load becomes 
light and the light income of a photo transistor PT from Photodiode PD increases, 



Vfb has the inclination to fall, so that a load becomes light. Therefore, time 
amount until the both-ends electrical potential difference Vc4 of a capacitor C4 
exceeds Vfb becomes so short that a load becomes light. This shows that it is 
the "on" period control circuit controlled so that this resistance R3, a capacitor C4, 
a comparator IC 1, AND-clrcuit IC4, resistance R7, a transistor Q4, and a circuit 
including a feedback voltage generating circuit become so short that a load 
becomes light about the "on" period of a switching element Q1 at the time of a 
non-light load. 

[0029] If a switching element Q1 carries out a turn-off, since a current will begin 
to flow from a secondary winding N2 to the rectification smoothing circuit 2 and 
the electrical potential difference Vbias of a feedback winding N3 will become 
negative to coincidence, capacitors C4, C5, and C6 begin to discharge. Since the 
both-ends electrical potential difference Vc4 will become lower than Vfb shortly 
after a capacitor C4 begins discharge, the output of a comparator IC 1 serves as 
L level, the output of AND-circuit IC4 serves as L level, and a transistor Q4 
returns to an OFF state. That is, a transistor Q4 is only temporarily turned on in 
order to carry out the turn-off of the switching element Q1 . 
[0030] Moreover, it seems that the timing of the turn-off of a switching element 
Q1 is determined when seemingly in agreement [ crossed not but ], as it was 
shown in drawing 2 , since it became immediately lower than Vfb even if the 
both-ends electrical potential difference Vc4 of a capacitor C4 once exceeds Vfb 
so that the above-mentioned explanation may show. 

[0031] (t=t3-t4) If the current which flows out of a secondary winding N2 into the 
rectification smoothing circuit 2 becomes zero while a switching element Q1 is off, 
the electrical potential difference Vbias of a feedback winding N3 will begin 
resonance. 

[0032] (t=t4-) It is Impressed by the gate of a switching element Q1 through the 
transistor Q2 which has the wave of the forward electrical-potential-difference 
direction of the beginning of this resonating electrical potential difference Vbias in 
an ON state, and a switching element 01 carries out a turn-on. That is, it 



becomes the trigger of the turn-on of a switching element Q1 that the current 
which flows out of a secondary winding N2 into the rectification smoothing circuit 
2 becomes zero. If a switching element Q1 carries out a turn-on, resonance of an 
electrical potential difference Vbias will stop and will become a fonA/ard electrical 
potential difference again like the time of t= 0. t= 0 or subsequent ones is 
repeated after this. 

[0033] Thus, shortly after the current with which a current will flow into the 
rectification smoothing circuit 2 out of a secondary winding N2 from a secondary 
winding N2 at the beginning of outflow shortly after a current will not flow to a 
primary winding N1 at the time of rating (at the time of a non-light load) becomes 
zero, a switching element Q1 will carry out a turn-on, and a current will begin to 
flow to a primary winding N1. Such a mode of operation is called current criticality 
mode, and it turns out that switching power supply equipment 1 is operating in 
current criticality mode at the time of rating. 

[0034] In addition, since the magnetic energy accumulated in Transformer T 
according to stretch shrinkage of the "on" period by the gravity of a load is also 
fluctuated when the "on" period of a switching element Q1 is controlled by the 
time of a non-light load, the "off" period which is an emission period of the energy 
is also expanded and contracted. 

[0035] Next, time amount is explained for the actuation at the time of a light load 
later on. 

[0036] (t=0-t1) If a switching element Q1 carries out a turn-on, a current will flow 
to a primary winding N1 , the electrical potential difference Vbias of a feedback 
winding N3 just becomes coincidence, and charge of capacitors C4, C5, and C6 
starts. At this time, like the after-mentioned, a capacitor C6 is in the condition of 
having discharged completely, at the time of the turn-on of a switching element 
Q1, and that both-ends electrical potential difference Vc6 has become OV. 
Charge of a capacitor C5 stops, when the both-ends both-ends electrical 
potential difference Vc5 reaches Vz, and it is not charged any more. In addition, 
since Vfb is set up at the time of a light load so that it may be set to level lower 



than Vz, the output of a comparator IC 2 serves as L level. If the output of a 
comparator IC 2 has L level, the transistor Q3 is turned off and the transistor Q2 
is also turned off by it. 

[0037] (t=t1-t2) Although the output of a comparator IC 1 tends to be set to H 
level and a "on" period control circuit tends to operate if the both-ends electrical 
potential difference Vc4 of a capacitor C4 exceeds Vfb, at this time, since the 
both-ends electrical potential difference Vc6 of a capacitor C6 has not reached 
Vref, the output of a comparator IC 3 is maintaining L level, and the output of 
AND-circuit IC4 is maintaining L level. That is, it does not become the trigger of 
the turn-off of a switching element Q1 that the both-ends electrical potential 
difference Vc4 of the capacitor C4 which is the 1st capacitor exceeds Vfb, but 
actuation of a "on" period control circuit is controlled. 

[0038] (t=t2-t3) If the both-ends electrical potential difference Vc6 of a capacitor 
C6 exceeds Vref, the output of a comparator IC 3 will be set to H level. Both two 
inputs of AND-circuit IC4 serve as H level, the output also serves as H level, and 
a transistor Q4 is made to turn on by this. When a transistor Q4 turns on, a 
switching element Q1 carries out a turn-off, and a "on" period expires. That is, 
that the both-ends electrical potential difference Vc6 of the capacitor C6 which is 
the 2nd capacitor rises from OV, and intersects Vref becomes the trigger as 
which the timing of the turn-off of a switching element Q1 is determined, and a 
"on" period will be decided. In other words, the minimum "on" period of a 
switching element Q1 is determined by fixed time amount until the both-ends 
electrical potential difference Vc6 of a capacitor C6 rises from OV and exceeds 
Vref. This shows that the circuit containing this resistance R6, a capacitor C6, 
diode D2, the source Vref of reference voltage, and a comparator IC 3 is the 
minimum "on" period setting circuit which controls turn-off actuation of the 
switching element Q1 by the "on" period control circuit at the time of a light load. 
[0039] If a switching element Q1 carries out a turn-off, since a current will begin 
to flow from a secondary winding N2 to tlie rectification smoothing circuit 2 and 
the electrical potential difference Vbias of a feedback winding N3 will become 
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negative to coincidence, capacitors C4, C5, and C6 begin to discharge. Since the 
both-ends electrical potential difference Vc6 will become lower than Vref shortly 
after a capacitor C6 begins discharge, the output of a comparator IC 3 serves as 
L level, the output of AND-circuit IC4 serves as L level, and a transistor Q4 
returns to an OFF state. That is, a transistor Q4 is only temporarily turned on in 
order to carry out the turn-off of the switching element Q1. In addition, diode D2 
is formed in order to prevent the charge to the hard flow of a capacitor C6. 
[0040] (t=t3-t4) If the current which flows out of a secondary winding N2 into the 
rectification smoothing circuit 2 becomes zero while a switching element Q1 is off, 
the electrical potential difference Vbias of a feedback winding N3 will begin 
resonance. Since a transistor Q2 is in an OFF state at this time, the resonating 
electrical potential difference Vbias is not impressed to the gate of a switching 
element Q1, and an electrical potential difference Vbias is decreased, resonating. 
That is, the turn-on of the switching element 01 by the resonating electrical 
potential difference Vbias is prevented. Since it will be in the condition that a 
current flows to neither a primary winding N1 nor the secondary winding N2, after 
this, it stops therefore, being in current criticality mode. On the other hand, a 
capacitor C5 discharges succeedingly and the both-ends electrical potential 
difference Vc5 continues a fall. Moreover, capacitors 04 and 06 also discharge 
succeedingly, and the both-ends electrical potential differences Vc4 and Vc6 
approach OV with time amount. 

[0041] (t=t4-) If the both-ends electrical potential difference Vc5 of a capacitor 05 
falls and it is less than Vfb, the output of a comparator 10 2 will serve as H level, 
a transistor 03 turns on, and a transistor 02 turns on. The charge stored in the 
capacitor 01 by the time it became t=t4 by this is given to the gate of a switching 
element 01 through a transistor 02, and a switching element 01 carries out a 
turn-on. That is, that the both-ends electrical potential difference Vc5 of the 
capacitor 05 which is the 3rd capacitor intersects Vfb becomes the trigger which 
determines the timing of the turn-on of a switching element 01 . In order for Vfb to 
fall so that a load becomes light, also as for time amount until the both-ends 



electrical potential difference Vc5 of a capacitor C5 falls by discharge and is less 
than Vfb, a load becomes so long that it is light. This shows that this resistance 
R4, a capacitor C5, zener diode D3, a comparator IC 2, resistance R5, a 
transistor Q3, resistance R2, a capacitor C2, and a circuit including a feedback 
voltage generating circuit are "ofT' period control circuits which control the "ofT' 
period of a switching element Q1 to become so long that a load become light at 
the time of a light load. In addition, by this point in time, that capacity value and 
value of resistance R6 are set up so that a capacitor C6 may discharge 
completely. t= 0 or subsequent ones is repeated after this. 
[0042] As mentioned above, as explained using drawing 1 and drawing 2 , while 
controlling the "on" period of a switching element by the "on" period control circuit 
at the time of a non-light load, keeping output voltage constant in switching 
power supply equipment 1 and fixing the "on" period of a switching element to 
the minimum "on" period by the minimum "on" period setting circuit at the time of 
a light load, a "off" period is controlled by the "off" period control circuit, and 
output voltage is kept constant. 

[0043] By this, it can reduce a switching frequency, so that a load becomes light 
conversely, and it not only controls the rise of the switching frequency at the time 
of a light load, but it can aim at reduction of the switching loss at the time of a 
light load. Moreover, since the "off period of a switching element is continuously 
controllable according to the magnitude of a load at the time of a light load, 
generating of an intermittent oscillation can be prevented and increase of an 
output ripple can be avoided. Furthermore, since a continuity is in the duty of 
switching of a switching element on the boundary at the time of a light load and a 
non-light load, when a load is near [ this ] a boundary, it can prevent that 
switching operation becomes discontinuity. 

[0044] The circuit diagram of another example of the switching power supply 
equipment of this invention is shown in drawing 3 . In drawing 3 , the same 
notation is given to a part the same as that of drawing 1 . or equivalent, and the 
explanation is omitted. 



[0045] In drawing 3 , the principal part consists of integrated circuits 12 in the 
control circuit 11 where switching power supply equipment 10 was formed 
between a feedback winding N3 and the gate of a switching element Q1 . 
Hereafter, a control circuit 1 1 is explained also including the component of an 
integrated circuit 12. 

[0046] First, the end of a feedback winding N3 is connected to the integrated 
circuit 12 through the rectification smoothing circuit which consists of diode D4 
and a capacitor C8. The output voltage of this rectification smoothing circuit is 
supplied to each component inside an integrated circuit 12. The node of diode D4 
and a capacitor C8 is connected to DC power supply Vin through the starting 
resistance R1 . 

[0047] The capacitor C3 is connected between collector emitters by connecting a 
collector to a constant current source I, and connecting an emitter to a gland, and 
the collector is further connected to the non-inversed input terminal of a 
comparator IC 6, and the inversed input terminal of a comparator IC 8 for the 
photo transistor PT which is the photodiode PD of the output voltage detecting 
circuit 3, and a pair. In addition, a constant current source I is made from the 
electrical potential difference supplied to an integrated circuit 12 from the 
rectification smoothing circuit which consists of diode D4 and a capacitor C8. 
[0048] Moreover, the end of a feedback winding N3 is connected to the non- 
inversed input terminal of a comparator IC 5. When the electrical potential 
difference of a non-inversed input terminal becomes zero, the source Voff of 
offset voltage of a negative small electrical-potential-difference value is 
connected to the inversed input terminal of a comparator IC 5 so that the output 
of a comparator IC 5 may be set to H level. 

[0049] Moreover, the end of a feedback winding N3 is connected with resistance 
R8 through the capacitor C7 in the gland in order, and the node of resistance R8 
and a capacitor C7 is connected to the inversed input terminal of a comparator IC 
6, and the non-inversed input terminal of a comparator IC 8. In addition, the 
capacitor C7 serves as the function of the 1st capacitor and the 3rd capacitor. 



[0050] Furthermore, the end of a feedback winding N3 is further connected with 
diode D2 through resistance R6 in the gland through the parallel circuit of the 
capacitor C6 which is the 2nd capacitor, and the node of resistance R6 and a 
capacitor C6 is connected to the non-inversed input terminal of a comparator IC 
9. The source Vref of reference voltage is connected to the inversed input 
terminal of a comparator IC 9, and the output is connected to one input of AND- 
circuitlCIO. 

[0051] The output of comparators IC5 and IC6 is connected to two inputs of 
AND-circuit IC7, and the output is connected to the set terminal S of RS flip flop 
IC11. Similarly, the output of comparators ICS and IC9 is connected to two inputs 
of AND-circuit IC10, and the output is connected to the reset terminal R of RS flip 
flop IC1 1 . The output terminal Q of RS flip flop IC1 1 is connected to the gate of a 
switching element Q1 through the drive circuit 13. In addition, the reversal output 
terminal of RS flip flop IC1 1 is omitted in order not to use it. Moreover, the drive 
circuit 13 is using as the power source the electrical potential difference supplied 
to an integrated circuit 12. 

[0052] In addition, a constant current source I, comparators IC5, IC6, ICS, and 
IC9, AND circuits IC7 and IC10, RS flip flop IC11, the drive circuit 13, the source 
Voff of offset voltage, and the source Vref of reference voltage constitute an 
integrated circuit 12 in the above-mentioned component. 
[0053] Next, actuation of the switching power supply equipment 10 constituted in 
this way is explained with reference to drawing 4 . Drawing 4 shows time amount 
change of the both-ends electrical potential difference Vc7 of the capacitor C7 
which serves both as an electrical potential difference Vbias, and the 1 st 
capacitor and 3rd capacitor of a feedback winding N3 at the time of (a) rating of 
switching power supply equipment 10, and the (b) light load, and the both-ends 
electrical potential difference Vc6 of the capacitor C6 which is the 2nd capacitor. 
Here, Vfb is the collector voltage of a photo transistor PT, and is inputted into the 
non-inversed input terminal of a comparator IC 6, and the inversed input terminal 
of a comparator IC 8 as feedback voltage. Although Vfb is changed according to 



fluctuation of a load, when output voltage is fixed, it becomes an almost fixed 
value. Moreover, Vref is connected to the inversed input terminal of a comparator 
IC 9 on the electrical potential difference of the source Vref of reference voltage. 
[0054] First, time amount is explained for the actuation at the time of rating which 
it is at the non-light load time which it is at the non-light load time later on. 
[0055] (From t= 0 to t1) If a switching element Q1 carries out a turn-on, a current 
will flow to a primary winding N1 , the electrical potential difference Vbias of a 
feedback winding N3 just becomes coincidence, and charge of capacitors C6 
and C7 starts. In addition, Vfb is in high level at the time of rating, since the both- 
ends electrical potential difference Vc7 of a capacitor C7 is lower, it has the 
output of a comparator IC 6 to H level, and the output of a comparator IC 8 has L 
level. Moreover, since the electrical potential difference Vbias is impressed to the 
non-inversed input terminal, the output of a comparator IC 5 also has H level. 
[0056] (t=t1-t2) Although the output of a comparator IC 9 will be set to H level if 
the both-ends electrical potential difference Vc6 of a capacitor C6 exceeds Vref, 
at this time, since the both-ends electrical potential difference Vc7 of a capacitor 
C7 is not over Vfb, the output of a comparator IC 8 is maintaining L level, and the 
output of AND-circuit IC10 is maintaining L level. In addition, at this time, since 
the input is connection contrary to a comparator IC 8, the output of a comparator 
IC 6 serves as H level. 

[0057] (t=t2-t3) If the both-ends electrical potential difference Vc7 of a capacitor 
C7 exceeds Vfb, when the output of a comparator IC 8 is set to H level, both two 
inputs of AND-circuit IC10 will serve as H level, and the output will also serve as 
H level. Conversely, when the output of a comparator IC 6 is set to L level, the 
output of AND-circuit IC7 is set to L level. And when the output of AND circuit 10 
is set to H level, RS flip flop IC1 1 is reset by making the standup into a trigger. If 
RS flip flop IC1 1 is reset, the output will be set to L level, the turn-off of the 
switching element Q1 will be carried out through the drive circuit 13, and a "on" 
period will expire. That is, intersecting Vfb whose both-ends electrical potential 
difference Vc7 of the capacitor C7 which is the 1st capacitor is an electrical 



potential difference determined by the feedback signal becomes the trigger as 
which the timing of the turn-off of a switching element Q1 is determined, and a 
"on" period will be decided. 

[0058] Since resistance between collector emitters falls so that a load becomes 
light and the light income of a photo transistor PT from Photodiode PD increases, 
Vfb has the inclination to fall, so that a load becomes light. Therefore, time 
amount until the both-ends electrical potential difference Vc7 of a capacitor C7 
exceeds Vfb becomes so short that a load becomes light. This shows that it is 
the "on" period control circuit controlled so that this resistance R8, a capacitor C7, 
a comparator IC 8, AND-circuit IC10, RS flip flop IC11, the drive circuit 13, and a 
circuit including a feedback voltage generating circuit become so short that a 
load becomes light about the "on" period of a switching element Q1 at the time of 
a non-light load. 

[0059] If a switching element Q1 carries out a turn-off, since a current will begin 
to flow from a secondary winding N2 to the rectification smoothing circuit 2 and 
the electrical potential difference Vbias of a feedback winding N3 will become 
negative to coincidence, capacitors C6 and C7 begin to discharge. Since the 
both-ends electrical potential difference Vc7 will become lower than Vfb shortly 
after a capacitor C7 begins discharge, the output of a comparator IC 8 serves as 
L level, and the output of AND-circuit IC10 also serves as L level. Conversely, 
although the output of a comparator IC 6 is set to H level, since the negative 
electrical potential difference Vbias is impressed to the non-inversed input 
terminal of a comparator IC 5, the output serves as L level and the output of 
AND-circuit IC7 is set to L level, in addition ~ and if discharge of a capacitor C6 
progresses after a while, since the both-ends electrical potential difference Vc6 
will be less than Vref, the output of a comparator IC 9 is also set to L level. 
[0060] Moreover, it seems that the timing of the turn-off of a switching element 
Q1 is determined when seemingly in agreement [ crossed not but ], as it was 
shown in drawing 4 , since it became immediately lower than Vfb even if the 
both-ends electrical potential difference Vc7 of a capacitor C7 once exceeds Vfb 



so that the above-mentioned explanation may show. 

[0061] (t=t3-t4) If the current which flows out of a secondary winding N2 into the 
rectification smoothing circuit 2 becomes zero while a switching element Q1 is off, 
the electrical potential difference Vbias of a feedback winding N3 will begin 
resonance. 

[0062] (t=t4-) By the wave of the fonA/ard electrical-potential-difference direction 
of the beginning of this resonating electrical potential difference Vbias, the 
electrical potential difference of the non-inversed input terminal of a comparator 
IC 5 becomes higher than the electrical potential difference of an inversed input 
terminal, and that output is set to H level. Since the output of a comparator IC 6 
already has H level, the output of AND-circuit IC7 is also set to H level, and RS 
flip flop IC1 1 is set by making the standup into a trigger. If RS flip flop IC1 1 is set, 
the output will be set to H level and the turn-on of the switching element Q1 will 
be carried out through the drive circuit 13. That is, it becomes the trigger of the 
turn-on of a switching element Q1 that the current which flows out of a secondary 
winding N2 into the rectification smoothing circuit 2 becomes zero. If a switching 
element Q1 carries out a turn-on, resonance of an electrical potential difference 
Vbias will stop and will become a forward electrical potential difference again like 
the time of t= 0. t= 0 or subsequent ones is repeated after this. 
[0063] Thus, the fact that a switching element Q1 will carry out a turn-on. and a 
current will begin to flow to a primary winding N1 shortly after the current with 
which a current will flow into the rectification smoothing circuit 2 out of a 
secondary winding N2 from a secondary winding N2 at the beginning of outflow 
shortly after a current will not flow to a primary winding N1 at the time of rating (at 
the time of a non-light load) becomes zero shows that switching power supply 
equipment 10 is operating in current criticality mode at the time of rating. 
[0064] Next, time amount is explained for the actuation at the time of a light load 
later on. 

[0065] (t=0-t1) If a switching element Q1 carries out a turn-on, a current will flow 
to a primary winding N1 , the electrical potential difference Vbias of a feedback 



winding N3 just becomes coincidence, and charge of capacitors C6 and C7 starts. 
At this time, at the time of the turn-on of a switching element Q1 , the capacitor 
C6 is discharging completely like the after-mentioned, and that both-ends 
electrical potential difference Vc6 has become OV. In addition, when an. electrical 
potential difference Vbias just becomes, the output of a comparator IC 5 is set to 
H level. Moreover, at the time of a light load, Vfb has low level, since the both- 
ends electrical potential difference Vc7 of a capacitor C7 is higher, it has the 
output of a comparator IC 6 to L level, and the output of a comparator IC 8 has H 
level. That is, the rise by charge of the both-ends electrical potential difference 
Vc7 of the capacitor C7 which is the 1st capacitor cannot serve as a trigger of the 
turn-off of a switching element Q1 , and actuation of a "on" period control circuit is 
controlled (it does not operate substantially). Furthermore, since the both-ends 
electrical potential difference Vc6 of a capacitor C6 is lower than Vref, the output 
of a comparator IC 9 serves as L level. 

[0066] (t=t1-t2) If the both-ends electrical potential difference Vc6 of a capacitor 
C6 exceeds Vref, the output of a comparator IC 9 will be set to H level. Since the 
output of a comparator IC 8 already has H level, the output of AND-circuit IC10 is 
also set to H level. On the other hand, beforehand, since it is higher than Vfb, the 
output of a comparator IC 6 does not change with L level, and, as for the both- 
ends electrical potential difference Vc7 of a capacitor C7, the output of AND- 
circuit IC7 does not change with L level, either. And when the output of AND 
circuit 10 is set to H level, RS flip flop IC1 1 is reset by making the standup into a 
trigger. If RS flip flop IC1 1 is reset, the output will be set to L level and the turn-off 
of the switching element Q1 will be carried out through the drive circuit 13. That 
is, that the both-ends electrical potential difference Vc6 of the capacitor C6 which 
is the 2nd capacitor rises from OV, and intersects Vref becomes the trigger as 
which the timing of the turn-off of a switching element Q1 is determined, and a 
"on" period will be decided. In other words, the minimum "on" period of a 
switching element Q1 is determined by time amount until the both-ends electrical 
potential difference Vc6 of a capacitor C6 rises from OV and exceeds Vref. This 



shows that the circuit including this resistance R6, a capacitor C6, diode D2, a 
comparator IC 9, and the source Vref of reference voltage is the minimum "on" 
period setting circuit which controls turn-off actuation of the switching element by 
the "on" period control circuit at the time of a light load. 
[0067] If a switching element Q1 carries out a turn-off, since a current will begin 
to flow from a secondary winding N2 to the rectification smoothing circuit 2 and 
the electrical potential difference Vbias of a feedback winding N3 will become 
negative to coincidence, capacitors C6 and C7 begin to discharge. Since the 
both-ends electrical potential difference Vc6 will become lower than Vref shortly 
after a capacitor C6 begins discharge, the output of a comparator IC 9 serves as 
L level, and the output of AND-circuit IC10 also serves as L level. 
[0068] (t=t2-t3) If the current which flows out of a secondary winding N2 into the 
rectification smoothing circuit 2 becomes zero while a switching element Q1 is off, 
the electrical potential difference Vbias of a feedback winding N3 will begin 
resonance. By the wave of the fonA^ard electrical-potential-difference direction of 
this resonating electrical potential difference Vbias, the electrical potential 
difference of the non-inversed input terminal of a comparator IC 5 becomes 
higher than the electrical potential difference of an inversed input terminal, and 
that output is set to H level. However, at this time, since the both-ends electrical 
potential difference Vc7 of a capacitor C7 is still higher than Vfb, in order that the 
output of a comparator IC 6 may maintain L level, L level is maintained also for 
the output of AND-circuit IC7, and RS flip flop IC1 1 is not set. That is, the turn-on 
of the switching element Q1 by the resonating electrical potential difference 
Vbias is prevented. Since it will be in the condition that a current flows to neither 
a primary winding N1 nor the secondary winding N2, after this, it stops therefore, 
being in current criticality mode. Decreasing an electrical potential difference 
Vbias resonating, according to it, the output of a comparator IC 5 repeats H level 
and L level by turns. And if an electrical potential difference Vbias declines 
completely, the electrical potential difference of the non-inversed input terminal of 
a comparator IC 5 will become zero, but since the source Voff of offset voltage of 



•I 

a negative small electrical-potential-difference value is connected to the inversed 
input terminal, the output is set to H level. On the other hand, a capacitor C7 
discharges succeedingly and the both-ends electrical potential difference Vc7 
continues a fall. Moreover, a capacitor C6 also discharges succeedingly and the 
both-ends electrical potential difference Vc6 approaches OV with time amount. 
[0069] (t=t3-) If the both-ends electrical potential difference Vc7 of a capacitor C7 
is less than Vfb, the output of a comparator IC 6 will serve as H level, and the 
output of a comparator IC 8 will serve as L level conversely. Since the output of a 
comparator IC 5 already has H level, the output of AND-circuit IC7 is also set to 
H level, and RS flip flop IC1 1 is set by making the standup into a trigger. If RS flip 
flop IC1 1 is set, the output will be set to H level and the turn-on of the switching 
element Q1 will be carried out through the drive circuit 13. That is, that the both- 
ends electrical potential difference Vc7 of the capacitor C7 which is also the 3rd 
capacitor intersects Vfb becomes the trigger which determines the timing of the 
turn-on of a switching element Q1 . In order for Vfb to fall so that a load becomes 
light, also as for time amount until the both-ends electrical potential difference 
Vc7 of a capacitor C7 falls by discharge and is less than Vfb, a load becomes so 
long that it is light. This shows that it is the "ofT* period control circuit where this 
resistance R8, a capacitor C7, comparators ICS and IC6, the source Voff of offset 
voltage, AND-circuit IC7, RS flip flop IC11, the drive circuit 13, and a circuit 
including a feedback voltage generating circuit control the "off' period of a 
switching element Q1 to become so long that a load become light at the time of a 
light load. In addition, by this point in time, that capacity value and value of 
resistance R6 are set up so that a capacitor C6 may discharge completely, t= 0 
or subsequent ones is repeated after this. 

[0070] As mentioned above, as explained using drawing 3 and drawing 4 , while 
controlling the "on" period of a switching element by the "on" period control circuit 
at the time of a non-light load, keeping output voltage constant in switching 
power supply equipment 10 and fixing the "on" period of a switching element to 
the minimum "on" period by the minimum "on" period setting circuit at the time of 



a light load, a "off" period is controlled by the "off" period control circuit, and 
output voltage is kept constant. 

[0071] By this, it can reduce a switching frequency, so that a load becomes light 
conversely, and it not only controls the rise of the switching frequency at the time 
of a light load, but it can aim at reduction of the switching loss at the time of a 
light load. Moreover, since the "off' period of a switching element is continuously 
controllable according to the magnitude of a load at the time of a light load, 
generating of an intermittent oscillation can be prevented and increase of an 
output ripple can be avoided. 

[0072] In addition, like the above-mentioned explanation, while operating at the 
time of a non-light load, i.e., a "on" period control circuit, the both-ends electrical 
potential difference Vc7 of the capacitor C7 which is the 1st capacitor 
approaches and crosses from the low electrical-potential-difference value 
towards becoming high to Vfb which is the electrical potential difference 
determined by the feedback signal. Moreover, while operating at the time of a 
light load, i.e., the minimum "on" period setting circuit, the both-ends electrical 
potential difference Vc7 of a capacitor V7 approaches and crosses from the high 
electrical potential difference towards becoming low to Vfb. That is, when the 
both-ends electrical potential difference of the 1st capacitor crosses from 
feedback voltage and an one direction, the timing of the turn-off of a switching 
element is determined and the minimum "on" period setting circuit has controlled 
actuation of a "on" period control circuit, and it crosses from feedback voltage 
and hard flow, the timing of the turn-on of a switching element is determined 
[ while the "on" period control circuit is operating, ]. Thus, since one capacitor C7 
serves as the function of the 1st capacitor and the 3rd capacitor, external 
components can be reduced and a miniaturization and low-cost-izing of switching 
power supply equipment can be attained. 

[0073] Furthermore, the miniaturization and low-cost-izing by reduction of 
components mark can be attained also by integrated-circuit-izing most control 
circuits. 



[0074] The circuit diagram of still more nearly another example of the switching 
power supply equipment of this invention is shown in drawing 5 . In drawing 5 , 
the same notation is given to a part the same as that of drawing 3 , or equivalent, 
and the explanation is omitted. 

[0075] In drawing 5 , the principal part consists of integrated circuits 22 in the 
control circuit 21 where switching power supply equipment 20 was formed 
between a feedback winding N3 and the gate of a switching element Q1. 
Hereafter, also including the component of an integrated circuit 22, it attaches 
control circuit 21 and explains. 

[0076] First, the end of a feedback winding N3 is connected to the integrated 
circuit 22 through the rectification smoothing circuit which consists of diode D4 
and a capacitor C8. The output voltage of this rectification smoothing circuit is 
supplied to each component inside an integrated circuit 22. The node of diode D4 
and a capacitor C8 is connected to DC power supply Vin through the starting 
resistance R1 . 

[0077] The capacitor C3 is connected between collector emitters by connecting a 
collector to a constant current source I, and connecting an emitter to a gland, and 
the collector is further connected to the inversed input terminal of a comparator 
IC 12 for the photo transistor PT which is the photodiode PD of the output voltage 
detecting circuit 3, and a pair through the non-inversed input terminal and diode 
D5 of a comparator IC 6. Moreover, the source Vref of reference voltage is 
connected to the inversed input terminal of a comparator IC 12. In addition, a 
constant current source I is made from the electrical potential difference supplied 
to an integrated circuit 22 from the rectification smoothing circuit which consists 
of diode D4 and a capacitor C8. 

[0078] Moreover, the end of a feedback winding N3 is connected to the non- 
inversed input terminal of a comparator IC 5. When the electrical potential 
difference of a non-inversed input terminal becomes zero, the source Voff of 
offset voltage of a negative small electrical-potential-difference value is 
connected to the inversed input terminal of a comparator IC 5 so that an output 



may be set to H level. 

[0079] Moreover, the end of a feedback winding N3 is connected with resistance 
R8 through the capacitor C7 in the gland in order, and the node of resistance R8 
and a capacitor C7 is connected to the inversed input terminal of a comparator IC 
6, and the non-inversed input terminal of a comparator IC 12. In addition, the 
capacitor C7 serves as the function of the 1st capacitor, the 2nd capacitor, and 
the 3rd capacitor. 

[0080] The output of comparators ICS and IC6 is connected to two inputs of 
AND-circuit IC7, and the output is connected to the set terminal S of RS flip flop 
IC1 1 . Moreover, the output of a comparator IC 12 is connected to the reset 
terminal RS of RS flip flop IC1 1 . The output terminal Q of RS flip flop IC1 1 is 
connected to the gate of a switching element Q1 through the drive circuit 13. In 
addition, the drive circuit 13 is using as the power source the electrical potential 
difference supplied to an integrated circuit 12. 

[0081] And the output of the drive circuit 13 is connected to the base of a 
transistor Q5 through a monostable multivibrator 23 and resistance R9 in order, 
the collector of a transistor Q5 is connected to the inversed input terminal of a 
comparator IC 6, and the emitter is connected to the gland, respectively. 
[0082] In addition, a constant current source I, diode D5, a transistor Q5, 
resistance R9, a monostable multivibrator 23, comparators ICS, IC6, and IC12, 
AND-circuit IC7, RS flip flop IC1 1, the drive circuit 13, the source Voff of offset 
voltage, and the source Vref of reference voltage constitute an integrated circuit 
22 in the above-mentioned component. 

[0083] Next, actuation of the switching power supply equipment 20 constituted in 
this way is explained with reference to drawing 6 . Drawing 6 shows time amount 
change of the both-ends electrical potential difference Vc7 of the capacitor C7 
which serves both as an electrical potential difference Vbias, and the 1st 
capacitor, 2nd capacitor and 3rd capacitor of a feedback winding N3 at the time 
of (a) rating of switching power supply equipment 20, and the (b) light load. Here, 
although Vfb is the collector voltage of a photo transistor PT, and it is inputted 



into the inversed input terminal of a comparator IC 12 through the non-inversed 
input terminal and diode D5 of a comparator IC 6 as feedback voltage and being 
changed according to fluctuation of a load, when output voltage is fixed, it 
becomes an almost fixed value, for example in the time of rating. Moreover, Vref 
is connected to the inversed input terminal of a comparator IC 12 on the electrical 
potential difference of the source Vref of reference voltage. 
[0084] First, time amount is explained for the actuation at the time of rating which 
it is at the non-light load time later on. 

[0085] (t=0-t1) If a switching element Q1 carries out a turn-on, a current will flow 
to a primary winding N1 , the electrical potential difference Vbias of a feedback 
winding N3 just becomes coincidence, and charge of a capacitor C7 starts. In 
addition, since Vfb is in high level and the capacitor C7 is reset immediately 
before like the after-mentioned at the time of rating, that both-ends electrical 
potential difference Vc7 is lower than Vfb at this time, and the output of a 
comparator IC 6 serves as H level. Moreover, since Vfb serves as level still 
higher than Vref, Vfb is impressed to the inversed input terminal of a comparator 
IC 12 through diode D5, and the output of a comparator IC 12 serves as L level. 
Moreover, since the electrical potential difference Vbias is impressed to the non- 
inversed input terminal, the output of a comparator IC 5 also serves as H level. 
Furthermore, the output of AND-circuit IC7 also has H level. 
[0086] (t=t1-t2) Since Vfb higher than Vref is inputted into the inversed input 
terminal of a comparator IC 12 even if the both-ends electrical potential 
difference Vc7 of a capacitor C7 exceeds Vref, the output of a comparator IC 12 
is maintaining L level. 

[0087] (t=t2-t3) If the both-ends electrical potential difference Vc7 of a capacitor 
C7 exceeds Vfb, the output of a comparator IC 12 will be set to H level. 
Conversely, when the output of a comparator IC 6 is set to L level, the output of 
AND-circuit IC7 is also set to L level. And when the output of a comparator IC 12 
is set to H level, RS flip flop IC1 1 is reset by making the standup into a trigger. If 
RS flip flop IC1 1 is reset, the output will be set to L level, the turn-off of the 



switching element Q1 will be carried out through the drive circuit 13, and a "on" 
period will expire. That is, intersecting Vfb whose both-ends electrical potential 
difference Vc7 of the capacitor C7 which is the 1st capacitor is an electrical 
potential difference determined by the feedback signal becomes the trigger as 
which the timing of the turn-off of a switching element Q1 is determined, and a 
"on" period will be decided. 

[0088] Since resistance between collector emitters falls so that a load becomes 
light and the light income of a photo transistor PT from Photodiode PD increases, 
Vfb has the inclination to fall, so that a load becomes light. Therefore, time 
amount until the both-ends electrical potential difference Vc7 of a capacitor C7 
exceeds Vfb becomes so short that a load becomes light. This shows that this 
resistance R8, a capacitor C7, a comparator IC 12, diode D5, RS flip flop IC11, 
the drive circuit 13, and a circuit including a feedback' voltage generating circuit 
are "on" period control circuits controlled to become so short at the time of a non- 
light load that a load become light about the "on" period of a switching element 
Q1. 

[0089] If a switching element Q1 carries out a turn-off, since a current will begin 
to flow from a secondary winding N2 to the rectification smoothing circuit 2 and 
the electrical potential difference Vbias of a feedback winding N3 will become 
negative to coincidence, a capacitor C7 begins to discharge. Since the both-ends 
electrical potential difference Vc7 will become lower than Vfb shortly after a 
capacitor C7 begins discharge, the output of a comparator IC 12 serves as L 
level. Conversely, although the output of a comparator IC 6 is set to H level, 
since the negative electrical potential difference Vbias is impressed to the non- 
inversed input terminal of a comparator IC 5, the output serves as L level and the 
output of AND-circuit IC7 is also set to L level. 

[0090] Moreover, it seems that the timing of the turn-off of a switching element 
Q1 is determined when seemingly in agreement [ crossed not but ], as it was 
shown in drawing 6 , since it became immediately lower than Vfb even if the 
both-ends electrical potential difference Vc7 of a capacitor C7 once exceeds Vfb 



so that the above-mentioned explanation may show. 

[0091] (t=t3-t4) If the current which flows out of a secondary winding N2 into the 
rectification smoothing circuit 2 becomes zero while a switching element Q1 is off, 
the electrical potential difference Vbias of a feedback winding N3 will begin 
resonance. 

[0092] (t=t4-) By the wave of the forward electrical-potential-difference direction 
of the beginning of this resonating electrical potential difference Vbias, the 
electrical potential difference of the non-inversed input terminal of a comparator 
IC 5 becomes higher than the electrical potential difference of an inversed input 
terminal, and that output is set to H level. Since the output of a comparator IC 6 
already has H level, the output of AND-circuit IC7 is also set to H level, and RS 
flip flop IC1 1 is set by making the standup into a trigger. If RS flip flop IC1 1 is set, 
the output will be set to H level and the turn-on of the switching element Q1 will 
be carried out through the drive circuit 13. That is, it becomes the trigger of the 
turn-on of a switching element Q1 that the current which flows out of a secondary 
winding N2 into the rectification smoothing circuit 2 becomes zero. If a switching 
element Q1 carries out a turn-on, resonance of an electrical potential difference 
Vbias will stop and will become a fon^^ard electrical potential difference again. 
[0093] The output for carrying out the turn-on of the switching element Q1 from 
the drive circuit 13 is inputted also into a monostable multivibrator 23 as a trigger 
signal at coincidence. By this, the output of a monostable multivibrator 23 is 
temporarily set to H level, and a transistor Q5 is temporarily turned on by 
impressing this to the base of a transistor Q5 through resistance R9. When a 
transistor Q5 is turned on, the charge currently stored in the capacitor C7 
discharges in an instant, and the both-ends electrical potential difference Vc7 of 

* 

a capacitor C7 is reset by OV. t= 0 or subsequent ones is repeated after this. 
[0094] Thus, the fact that a switching element Q1 will carry out a turn-on, and a 
current will begin to flow to a primary winding N1 shortly after the current with 
which a current will flow into the rectification smoothing circuit 2 out of a 
secondary winding N2 from a secondary winding N2 at the beginning of outflow 



shortly after a current will not flow to a primary winding N1 at the time of rating (at 
the time of a non-light load) becomes zero shows that switching power supply 
equipment 20 is operating in current criticality mode at the time of rating. 
[0095] Next, time amount is explained for the actuation at the time of a light load 
later on. 

[0096] (t=0-t1) If a switching element Q1 carries out a turn-on, a current will flow 
to a primary winding N1, the electrical potential difference Vbias of a feedback 
winding N3 just becomes coincidence, and charge of a capacitor C7 starts. In 
addition, when an electrical potential difference Vbias just becomes, the output of 
a comparator IC 5 is set to H level. Moreover, at the time of a light load, since Vfb 
is set to level still lower than Vref, Vref is impressed to the inversed input terminal 
of a comparator IC 12. Since the capacitor C7 is reset immediately before like the 
after-mentioned, that both-ends electrical potential difference Vc7 is about 0 V at 
this time, and is lower than Vref. Therefore, it has the output of a comparator IC 6 
to H level, and the output of a comparator IC 12 has L level. 
[0097] (t=t1-t2) If the both-ends electrical potential difference Vc7 of a capacitor 
C7 exceeds Vfb, the output of a comparator IC 6 will be set to L level. On the 
other hand, since the electrical potential difference Vref still impressed to the 
inversed input terminal in the comparator IC 12 is higher, the output does not 
change with L level. That is, it does not become the trigger of the turn-off of a 
switching element Q1 that the both-ends electrical potential difference Vc7 of the 
capacitor C7 which is the 1st capacitor exceeds Vfb, but actuation of a "on" 
period control circuit is controlled. 

[0098] (t=t2-t3) If the both-ends electrical potential difference Vc7 of a capacitor 
C7 exceeds Vref, the output of a comparator IC 12 will be set to H level, and RS 
flip flop IC1 1 is reset by making the standup into a trigger. If RS flip flop IC1 1 is 
reset, the output will be set to L level and the turn-off of the switching element Q1 
will be carried out through the drive circuit 13. That is, the both-ends electrical 
potential difference Vc7 of the capacitor C7 which is also the 2nd capacitor rising, 
and intersecting Vref becomes the trigger as which the timing of the turn-off of a 



switching element Q1 is determined, and a "on" period will be decided. In other 
words, it is determined by time amount until the both-ends electrical potential 
difference Vc7 of a capacitor C7 rises and the minimum "on" period of a 
switching element Q1 exceeds Vref. This shows that the circuit including this 
resistance R8, a capacitor C7, a comparator IC 12, and the source Vref of 
reference voltage is the minimum "on" period setting circuit which controls turn- 
off actuation of the switching element by the "on" period control circuit at the time 
of a light load. In addition, about the reason a period until the both-ends electrical 
potential difference Vc7 of a capacitor C7 exceeds Vref turns into the minimum 
"on" period, it mentions later. Moreover, a monostable multivibrator 23, 
resistance R9, and a transistor Q5 are also contained besides the above in the 
minimum "on" period setting circuit, and it mentions later also about the reason. 
[0099] If a switching element Q1 carries out a turn-off, since a current will begin 
to flow from a secondary winding N2 to the rectification smoothing circuit 2 and 
the electrical potential difference Vbias of a feedback winding N3 will become 
negative to coincidence, a capacitor C7 begins to discharge. Since the both-ends 
electrical potential difference Vc7 will become lower than Vref shortly after a 
capacitor C7 begins discharge, the output of a comparator IC 12 serves as L 
level. 

[0100] (t=t3-t4) If the current which flows out of a secondary winding N2 into the 
rectification smoothing circuit 2 becomes zero while a switching element Q1 is off, 
the electrical potential difference Vbias of a feedback winding N3 will begin 
resonance. By the wave of the fonA/ard electrical-potential-difference direction of 
this resonating electrical potential difference Vbias, the electrical potential 
difference of the non-inversed input terminal of a comparator IC 5 becomes 
higher than the electrical potential difference of an inversed input terminal, and 
that output is set to H level. However, at this time, since the both-ends electrical 
potential difference Vc7 of a capacitor C7 is still higher than Vfb, in order that the 
output of a comparator IC 6 may maintain L level, L level is maintained also for 
the output of AND-circuit IC7, and RS flip flop IC1 1 is not set. That is, the turn-on 
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of the switching element Q1 by the resonating electrical potential difference 
Vbias is prevented. Since it will be in the condition that a current flows to neither 
a primary winding N1 nor the secondary winding N2, after this, it stops therefore, 
being in current criticality mode. Decreasing an electrical potential difference 
Vbias resonating, according to it, the output of a comparator IC 5 repeats H level 
and L level by turns. And if an electrical potential difference Vbias declines 
completely, the electrical potential difference of the non-inversed input terminal of 
a comparator IC 5 will become zero, but since the source Voff of offset voltage of 
a negative small electrical-potential-difference value is connected to the inversed 
input terminal, the output is set to H level. On the other hand, a capacitor C7 
discharges succeedingly and the both-ends electrical potential difference Vc7 
continues a fall. 

[0101] (t=t4-) If the both-ends electrical potential difference Vc7 of a capacitor C7 
is less than Vfb, the output of a comparator IC 6 will serve as H level. Since the 
output of a comparator IC 5 already has H level, the output of AND-circuit IC7 is 
also set to H level, and RS flip flop IC1 1 is set by making the standup into a 
trigger. If RS flip flop IC1 1 is set, the output will be set to H level and the turn-on 
of the switching element Q1 will be carried out through the drive circuit 13. That 
is, that the both-ends electrical potential difference Vc7 of the capacitor C7 which 
is also the 3rd capacitor intersects Vfb becomes the trigger which determines the 
timing of the turn-on of a switching element Q1 . In order for Vfb to fall so that a 
load becomes light, also as for time amount until the both-ends electrical 
potential difference Vc7 of a capacitor C7 falls by discharge and is less than Vfb, 
a load becomes so long that it is light. This shows that it is the "off' period control 
circuit where this resistance R8, a capacitor C7, comparators ICS and IC6, the 
source Voff of offset voltage, AND-circuit IC7, RS flip flop IC1 1, the drive circuit 
13, and a circuit including a feedback voltage generating circuit control the "off' 
period of a switching element Q1 to become so long that a load become light at 
the time of a light load. 

[0102] The output for carrying out the turn-on of the switching element Q1 from 



the drive circuit 1 3 is inputted also into a monostable multivibrator 23 as a trigger 
signal at coincidence. By this, the output of a monostable multivibrator 23 is 
temporarily set to H level, and a transistor Q5 is temporarily turned on by 
impressing this to the base of a transistor Q5 through resistance R9. When a 
transistor Q5 is turned on, the charge currently stored in the capacitor C7 
discharges in an instant, and the both-ends electrical potential difference Vc? of 
a capacitor C7 is reset by OV. t= 0 or subsequent ones is repeated after this. 
[01 03] The reason a period until the both-ends electrical potential difference Vc7 
of a capacitor C7 finally exceeds Vref turns into the minimum "on" period, and 
why a monostable multivibrator 23, resistance R9, and a transistor Q5 are 
contained in the minimum "on" period setting circuit are explained. An 
assumption of the case where there is no monostable multivibrator 23 starts 
charge of the capacitor C7 after a switching element Q1 carries out a turn-on 
from the condition that the both-ends electrical potential difference Vc7 is 
beforehand charged to Vfb. Although Vref is fixed, in order that Vfb may change 
with the magnitude of a load, the time amount by which the both-ends electrical 
potential difference Vc7 of a capacitor C7 is charged from Vfb to Vref will change 
with the magnitude of a load. Since it is equivalent to the "on" period at the time 
of a light load, the way things stand, the "on" period at the time of a light load is 
changed, and the problem of it becoming impossible to set up the minimum "on" 
period generates this time amount. On the other hand, if a capacitor C7 is reset 
with a monostable multivibrator 23 at the time of the turn-on of a switching 
element Q1, a capacitor C7 will always be charged from OV to Vref, and the 
charging time will become fixed. By this, at the time of a light load, it cannot be 
based on the magnitude of a load but the minimum "on" period can be set up 
now. Therefore, a monostable multivibrator 23, resistance R9, and a transistor 
Q5 will also be contained in the minimum "on" period setting circuit. 
[0104] As mentioned above, as explained using drawing 5 and drawing 6 , while 
controlling the "on" period of a switching element by the "on" period control circuit 
at the time of a non-light load, keeping output voltage constant in switching 



power supply equipment 20 and fixing the "on" period of a switching element to 
the minimum "on" period by the minimum "on" period setting circuit at the time of 
a light load, a "ofT' period is controlled by the "off* period control circuit, and 
output voltage is kept constant. 

[0105] By this, it can reduce a switching frequency, so that a load becomes light 
conversely, and it not only controls the rise of the switching frequency at the time 
of a light load, but it can aim at reduction of the switching loss at the time of a 
light load. Moreover, since the "off period of a switching element is continuously 
controllable according to the magnitude of a load at the time of a light load, 
generating of an intermittent oscillation can be prevented and increase of an 
output ripple can be avoided. 

[0106] In addition, like the above-mentioned explanation, while operating at the 
time of a non-light load, i.e., a "on" period control circuit, the both-ends electrical 
potential difference Vc7 of the capacitor C7 which is the 1st capacitor 
approaches and crosses from the low electrical-potential-difference value 
towards becoming high to Vfb which is the electrical potential difference 
determined by the feedback signal. Moreover, while operating at the time of a 
light load, i.e., the minimum "on" period setting circuit, the both-ends electrical 
potential difference Vc7 of a capacitor V7 approaches and crosses from the high 
electrical potential difference towards becoming low to Vfb. That is, when the 
both-ends electrical potential difference of the 1st capacitor crosses from 
feedback voltage and an one direction, the timing of the turn-off of a switching 
element is determined and the minimum "on" period setting circuit has controlled 
actuation of a "on" period control circuit, and it crosses from feedback voltage 
and hard flow, the timing of the turn-on of a switching element is determined 
[ while the "on" period control circuit is operating, ]. Thus, since one capacitor C7 
serves as the function of the 1st capacitor and the 3rd capacitor, external 
components can be reduced and a miniaturization and low-cost-izing of switching 
power supply equipment can be attained. 

[0107] Moreover, since one capacitor C7 serves as the function of the 1st 



capacitor, the 2nd capacitor, and the 3rd capacitor, external components can be 
reduced further and the further miniaturization and the further low-cost-izing of 
switching power supply equipment can be attained. 

[0108] In addition, in each above-mentioned example, each minimum "on" period 
setting circuit is committed so that a switching element may be forbidden from 
carrying out a turn-on by the "on" period control circuit at the time of a light load. 
In the semantics, although the minimum "on" period setting circuit is a means for 
it to be contained substantially in the "on" period control circuit, and only for a 
fixed period to control actuation of a "on" period control circuit from the turn-on of 
a switching element at the time of a light load, and to forbid the turn-off of a 
switching element, it is good. 

[0109] Moreover, in each above-mentioned example, although the turn-on of a 
switching element or the trigger of a turn-off is cost when the both-ends electrical 
potential difference of the 1st, 2nd, and 3rd capacitor intersects reference voltage 
or feedback voltage by charge or discharge, it is not limited to the configuration 
which all showed to the example. For example, feedback voltage is set up so that 
it may become so high that a load becomes light, what intersects reference 
voltage or feedback voltage in an example at the time of charge is made to cross 
at the time of discharge, or what intersects reference voltage or feedback voltage 
conversely at the time of discharge may be made to cross at the time of charge. 
[0110] Furthermore, in each above-mentioned example, when the both-ends 
electrical potential difference of the 1st, 2nd, and 3rd capacitor intersects 
reference voltage or feedback voltage, the turn-on of a switching element or the 
trigger of a turn-off is cost, but in actual actuation, when seemingly in agreement, 
it costs the turn-on of a switching element, or the trigger of a turn-off. Thus, the 
1st, 2nd, and 3rd both-ends electrical potential difference, reference voltage, or 
feedback voltage of a capacitor must not necessarily cross, and when it replaces 
with a comparator circuit, for example, two inputs are in agreement, it may use a 
circuit which outputs a trigger signal. In that case, when the both-ends electrical 
potential difference of the 1st, 2nd, and 3rd capacitor is in agreement with 



reference voltage or feedback voltage, it comes to cost the turn-on of a switching 
element, or the trigger of a turn-off. 

[01 1 1] The perspective view of one example of the electronic instrument of this 
invention is shown in drawing 7 . In drawing 7 , the printer 30 which is one of the 
electronic instruments is using the switching power supply equipment 1 of this 
invention as a part of power circuit. 

[01 12] Although the part about printing actuation of a printer 30 consumes power 
at the time of printing, it serves as a light load at the time of the standby which 
does not carry out printing actuation, and hardly consumes power. And since the 
switching power supply equipment 1 of this invention is used, the power loss of ** 
can be reduced at the time of standby, i.e., a light load, and improvement in 
effectiveness can be aimed at. 

[0113] In addition, although the switching power supply equipment 1 shown in 
drawing 1 in the printer 30 shown in drawing 7 was used, the switching power 
supply equipments 10 and 20 shown in drawing 3 or drawing 5 may be used, and 
the same operation effectiveness is done so. 

[01 14] Moreover, the electronic instrument of this invention is not restricted to a 
printer, and contains all the electronic instruments that need DC power supply 
with a stable electrical potential difference for a notebook computer, a portable 
information device, etc. 
[0115] 

[Effect of the Invention] According to the switching power supply equipment of 
this invention, reduction of the switching loss at the time of a light load can be 
aimed at by controlling a "on" period in the larger range than the predetermined 
minimum "on" period at the time of a non-light load, fixing a "on" period to the 
minimum "on" period at the time of a light load, and controlling a "off' period so 
that output voltage may become fixed based on a feedback signal. Moreover, 
generating of the intermittent oscillation at the time of a light load and increase of 
a ripple can be prevented. 

[01 16] Moreover, in the electronic instrument of this invention, improvement in 



the effectiveness at the time of standby can be aimed at by using the switching 
power supply equipment of this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing one example of the switching power 
supply equipment of this invention. 

[Drawing 2] It is the property Fig. showing Vbias at the time of (a) rating of the 
switching power supply equipment of drawing 1 , and the (b) light load, and time 
amount change of Vc4, Vc5, and Vc6. 

[Drawing 3] It is the circuit diagram showing another example of the switching 
power supply equipment of this invention. 

[Drawing 4] It is the property Fig. showing Vbias at the time of (a) rating of the 
switching power supply equipment of drawing 3 , and the (b) light load, and time 
amount change of Vc6 and Vc7. 

[Drawing 5] It is the circuit diagram showing still more nearly another example of 

the switching power supply equipment of this invention. 

[Drawing 6] It is the property Fig. showing Vbias at the time of (a) rating of the 



switching power supply equipment of drawing 5 , and the (b) light load, and time 
amount change of Vc7. 

[Drawing 7] It is the perspective view showing one example of the electronic 

instrument of this invention. 

[Description of Notations] 

1, 10, 20 - Switching power supply equipment 

2 - Rectification smoothing circuit 

3 « Output voltage detecting circuit 
4, 11, 21 - Control circuit 

12 22 - Integrated circuit 

13 - Drive circuit 

22 - Monostable multivibrator 

30 - Printer 

T " Transformer 

N1 Primary winding 

N2 - Secondary winding 

N3 - Feedback winding 

Vin - DC power supply 

R1 - Starting resistance 

R2, R3, R4, R5, R6, R7. R8, R9 - Resistance 

CI, C2, C3, C4, C5, C6, C7, C8 - Capacitor 

Q1 - Switching element 

Q2, Q3, Q4 - Transistor 

D1, D2, D4- Diode 

D3 - Zener diode 

I - Constant current source 

Vref - Source of reference voltage 

Voff Source of offset voltage 

PD - Photodiode 

PT - Photo transistor 



IC1. IC2, IC3, ICS, IC6, ICS, IC9 - Comparator 
IC4, IC7, IC10--AND circuit 
IC1 1 - RS flip flop 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



Vin 



Ql 

3h 




Q4 B7 



qs ICS 



IC4 



icr 
C4-r 



R4i 



PT 



L_. 



Vr«f C6 D2 




[Drawing 2] 



Vbias a 



Vc4 




II II II II 
0 tlt2 tai4 



Vbias a 



(a) 




Vfb 

yc5 a 



[Drawing 6] 



Vbias 



Vc7 




I I 



n — rrrr 

0 Ut2 t3t4 
(a) 



Vbiaa a 




[Drawing 7] 

3SL 




[Drawing 3] 




[Drawing 4] 




[Drawing 5] 




[Translation done.] 



(19) 0*a*#fFfr(jp) ^2) ^^if^l :2]^$B ( A ) (11) ^^i^m'Ammn 



2002-369517 

(P 2002-369517 A) 

(43)1>I§0 ¥fiK 14^ 12^200 (2002. 12. 20) 



(51) Int. Cl.^ mwm^ F I f-?3-K (##) 

H 0 2 M 3/28 H 0 2 M 3/28 H 5H730 



(^1 7H) 



(21) itimm^ 



(22) mma 



i|#S2001-172789 (P2001"172789) 



¥filcl3¥6^7B (2001. 6. 7) 



(71) ffiSA 000006231 

s iS9:^ rfi T a 26# i o^ 

(72) ^§g# mm mm 

{12) ^mm i# 

S:«B/?^:g|53^rti^»— T@26#I0^ «ca: 

F^—jU (##) 5H730 AA02 AA14 AA15 ASOO ASOl 

AS19 BB43 BB55 DD04 DD22 

DD28 EE07 EE59 FD03 FF19 
FGOl FG04 



(54) mm(D^m x-ru/^>^^ 



(57) mm: 

Q 1 CO :t > as PrI ^ ft ^ S < ^ { 5 ^* ^ < /^c -5 d: ^) { c 

i^,ko^z:^>mmum\B\^<omi^^mm^^m4^:t>m 




(2) 



1 



2 



2002-369517 



tfmj£f)^-&izr^^j:^iz. trnM^mmzm^aym^b^ 
>mm^ox^\^^mmx^>mm^mmi.. UM^miiz 
:t>mm^m^h:t>mm\zm^vx:tymm^mmr^ 

-r^h^>7.h. mm-'Ammzmmzmm^nrzT.^ 

(oum^^h<nmz^^^nfzumu^h. m^zi^jm 
mzmm.^riXm%^-:K^mzm^'t^nm,^mM^m 20 

muwmm^ti^. mw.y-(-Yny^m^\zm^\^^x^ 
^m&if^-'^\zu^^o\z. i^m%M^\z^^7.^ y^ 

^tL\^^^o\zm^^ym^umumz^^m^7.^ y^ 30 
m^ti. ^n,'mmzm%m,^\^^ym^wc&^^ii^m%z^ 

m^ms] ^mM^mzmmm^'e- i^xmipr^ 



mmiz^mh^^^\ttscn^n^^^h\z. ^com^m^ 

[if 5 ] MIBm 1 CO 3 >a'>-y-7!^^*HaiBm 3 COZF > 

m3c7)zi>5'>ij-^*^^;i<h^#i5:<hf if5K«4 

[gf^^B 7 ] mw.':^>wmmmmktm^\.x\^^^n 

V ^7 {f ^ tc t> T * ^ $ n m iE <h - ;^ rS] ^ — ifi: ^ ^ 



s&cDiifjf^^ffiiaLTWlBx^ v^y^n=fo:^^-y'^y 
L 7 (r>\,^^m)Azmm<r>y.^ v^y^mmmm. 
(ryuyry^^m^T.^ v^y^n=^(r>^—yz^yn\z 

^ > ^ ^ - > ^ « ihT ^ il ^#1^ <h r 

1 0 ] 1 u 9 (3!)(/i-rn*wciBt6a) 



rc. ^ o MSsamT^^* HirtB y ^i — Ynv^'m^xz^-DX^ 
'^^n^mEt^-m.^^Xi^^^^^^mzmLy.^ y^f- 

y^m^(D^-y:^y(D9^ ^ y^t^^^^ti^f^ i (o 
zjyy'yir^^L. 

nt!mm^b:^ymmm^\Bi^\t. mmy.^ y^^y^m^o^ 
:tymmi>z^n$>^\^^tnm^n^^hh\z. ^(omi^ 
mEEi^mmmj£t-'m$>^^m^m^^m^xm^^y 
tCct^saiBx-r y^y^m^<D:$^-y:ty 
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[0 0 0 1] 

ts:m^m->rzy.^ y^y^mMmm^^zf^n^m^^rz 

m^mmi^zm-r^o 

[0 0 0 2] 

^(DTs-i y^y^mmmmiz^^^xit. :a^^<D^atcjs 



1 



(3) 

3 

#^--5. y^>^mmmm\z^\^^x\tm^r^m^^^ 

x^ v^y^m^\tx-( y^>^m\z^^T^rz 
ib. &Mmmzmmm^±^r^tx^ y^>^m9^^^ 
±^<fj:D. ^^^^^z^i^f^x^y^y^mwMmo) 10 
m^<D^mr^h(0},zr£^t\^^ommf)^^^o ^tz. 
mm\z^<tsi^t. m^mm^m^Lx. thtf^j^y 

[0 0 0 3] ^CX. mM^m(DX-( y^>^mmWC(0 . 

±^^mA,^rcib\z. m:^\mm2 001-16849 

x-i y9'>'^mmmm:^m^^nx^^^. ^cxitt. x 
y^>^mT(Dm^i^:t>mm^wt^Lx. Mmm< 

f3.-:>Xli!itimj^:^^±^Lrz^i^iiZX^ y^>^mi^<D:t 20 

> mmf)^m^i^^ >mm^r)m<f3i^f3ii^'^<ko\z. x-iv 
^Lxi$^->:t>^mmi.x\^^^. cntCcfcoTSfi^^ 

CO 0 0 4] 

001-1684 9^^Amzm^^nrz7s^y^>^m 

Mmm\z^^^x\t. thtimm^m^m^:x±(Dmz(D^x 

^>^LX^->:t>t^ii:f3:\^^^mx^^rzib. X^ y 

'^>^mf-o):tymm'^m&mtm^Mmz^\^^xh- 

[0 0 0 5] :$^^m\^±n^<Dmmj^^m^T^^L^m 

<. r^x^m^^mtio yzfji^(Dm±^i^^omm^m±iy 
f3i\^^x-( y^>'ifmmms:t^^zf^n^m^^rzm^mm 

[0 0 0 6] 40 

mm^m»:'t^rzii>(D^m] ^mm^^m^-r^rzsb 
jc. :^mm(Dx^ y^y^^mMmmi:^. -^i^mm. =i:k 

ffzmmzmm^tirzx^ y^y^mi^^. m^mmmm 
tntimx-i y^y^m^o^mmm'FiKDm^zmm^nrz 
mmm^t. mz~'Amm\zmm^nxm$^-'Ammz 
^^T^nEE^mmw-mLxihti^^mm^^m^^t. 
^^mm^m\3i^:^^^mti^n^mEE^^mLxmimmm 
mmzMt^y ^ - i^/^^y ^mn^ihttr^mtinf£^ 
^M&^m^rzx^ y^>^mmmmz^\,^x. mmu so 
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i^^-'^izu^jzoiz. 4mMmm\zm^(Dm^i^^>mm 
.^D±^\^^mmx^>mm^mmv. ^M.^m\z:t>m 
m^mn^^ymmi^zmmLx^ymr^^mm'r^z:^^ 

[0 0 0 7] ^rz. ^mm(Dx^ y'^>^mii^mm\^. 

<h, mn^-^k^mizmmi.zmm^rirzx^ y'^y^m'f' 
m^&mmmmtmmx^ y^y^m'^cDmmmT^ 
<Dm\zt^m^ nrzum^^ t . mfiB-*#^tcs^$n 
xm^=:^'Ammiz^±r^m&^mm^^mi^xmtt'r^ 

mth Lxm?d,mmmmzM^^ y^- i^y^y ^m^^m 
tt-r^mtjn&mnim^^m^rzx^ y^y^mmmmi 
tci3i^T. mmmmm^^^. mnd,y^-}^^'<y^m^\z 
mrJ\,>xmijmE.^^—mzrji^^o\z. 4m^^m\zm 

<:^^j:oi,zmmr^:t>mmmm^^h. mM,^mz 
fitrtBx-f y^>^m^<D:t>mmf)m^(Dm^b:t>m?^ 
^Dm<r<s.^r^^^j:z>i.zmm:t>mmwm^mzj:^m 
isx-r y^>^m^o:>^->:tymi^^mm't^m^b:t 
>mmm^\^^t. m^mmizmn^m^i^^ymmm^i^ 
mmn^:t >mmmmm^(omiP^mmi^x\^^^ ii^iz 

ntimx^ y^y^mi'o^^ymm^M^^mKr^^i^^ 
&<tji^.k^i,zmmT^^ymmmmm^^i^m^^z. 

[0 0 0 8] ^fz. ^mM(Dx^ y^>^mM^m\t. 

[0 0 0 9] ^Tz. ^^m<Dx-ry^>^mmmm\it. 

mmiz^n$>^i^^i,tMcm^ti^iit^^z. ^(Dmmm& 
f>^ntimy ^ -}^/'<y ^mn^z^^x^^^n^nEEt— 
^^^i^^t^m^^mizm^x-f y'^y^m^cD^—y 
:ty<D^^ ^ y^:^^^^^n^f^ i (Dziy^y-^^^ 

mmm^b^ymmwc^mm^^. mmx-( y^y^m 
f'0):tymmiiz^m^^^^ittmm^n^iiL^i>z. ^(d 

:tymmmm^^i>z^^nimx-r y^y^mT(D^-y 

mm\B}m^. ntimx-( y^y^mT(D^ymm\z^m^ 
^\^^\^nm^n^tiihitz. ^(Dm^m&^mt^y^ — 
}^ny^mn\z^^x^^^n^m&^i—m$>^i^^\t^ 

^T-SPttcMlBx-r y'^y^mT(D^—y:ty<Di$^'^ ^ 
y^f^^^i^-^n^m scdzi yy^y-^^^T^ c t 

[0 0 10] ^rz. ^^mo^x-^y^y^mmmmii^i.. 
mimm 1 (D:n yy'y^^f}m?^m s (ou yfy^^mu^ 

[0 0 1 1] ^tz. ^%m(07.^ y^-y^mmmm^t. 



5 

[0 0 12] ^fz. ^^mo)7.-r y^y^MMmmiit. 

[0 0 13] ^;^c, ^mmoyx^^y'^y^mmmm^it. 

[0 0 14] ^Tz. ^mm<D7s'iy^>^mm^m\t. 
1 <Dn>y^>v<omf£f}^^(Dm<D^m\z^^xm^<om 

[0 0 15] ^Tz. ^^m(Dmirmm\t. ±^a)X<*;/ 

"^y^mwMm^m^^fzziii^^m^^^o 

[0 0 16] COctd(C<«^jcT'5C<h(CJ:0. ^^^^^(^ 

>^m^o)i&m^m^z^if)^x^^o ^rz. UM^^mcD 
[0 0 17] ^fz. >^^m(Dm^mmiz:t5\^^x{t. wm 

m(D9J}^(D\t}±^m^Zt:^^X^^o 
[0 0 18] 

fc:S«E¥tt[HiK2 mmW'mm^2\zmm^nrzmt3 
mm^4{znvxy^-\^/^y^mn^mti-r^rz^(o 

y^ hti:/^(Oo'^(oy^ KPD^Wbx^fe 

^<u^^o\ztkm^nx\^^^o 
[0 0 19] :k\zmmm^A\z^\i^xmm'r^o mmm 
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^N3(^^)Stin>7^>1fC 1. h^>vX:^Q2<7)X 
X^'Q 2 COX^ y^-Z^V^9m\Z\t.y'i't— HD 1 

jz^v ^ -^-ysm\z\^zi>y'y^c 2iimm.^ri 

iliVintC. ^-XtligtrLR 2 h^>vX^Q 3(?)3 

u^9-jz^v^m^m\zitvx^^>Y\zmm.^nx 

[0 0 2 0] m*?«iE^»IlHlSS3(D:7^ hy-r:t-"HP 
ziV^^'-':5z^y9m\zn>^>^C3timm'^ 

^isctt^itgcgg I c2m^Kmxiim=f-\z^m'^nx\^^ 

uy^3(Dm.^^mm.^m\^rznmt('^v^^n^. 
[0 0 2 1] ^tz. mmmun 3 <r>—mt. s*iR3^ 

20 '§^l(Duy'r>'&X^^zi>^>^CA^m\zit\^x^ 

ig^.'^j^ittsgg I c 1 m^Kmxti^^\zmm^nx\.^ 

jtSgg I C icoffi:^j{d:ANDioiK I C4<^— :&(OA 

;ty{cS^$tlTV^^o »S^^N3C0-^JllgtaR4^ 
itl^. ^^\zy:c'r-y^:^-Yl^3hm3(K>Zl>y'> 

1fr ^ -5 n > 5^ > 1f C 5 <Z)36^J[HlK ^ :/Mx T ^ > H tc 
i^^^nr^feO, ffi6xR4i:r3>^>+hC5(OS^.«St5 

c2<DmMxtsm=¥'\zmm^nx\*^^. itK«& 

I C 2(Dtii;'jtlStr[R 5 LT h ^ >>^X ^ Q 3 <Z)^ 
30 — XJCg^^nXli-So 

[0 0 2 2] '^^\Z. !fSil#^N3(7)— Sg«SSxR6^ 

T4oO. JgfitR 6 in>5^>itC 6(^^l^.'g(^Ite(§§ I 

c 3 <^#^^teA^r«Ttcggg$nTi/>^o itsag I c 3 

0, -ecotiS;^iHANDiHlSS I C4(Z)<iii:&(Z)A;^tcSs^$ 

tlTl^^o ANDliFKl 4<Dm*(i}gtn:R7^^MxTh 

^>>^X^Q40^— X{Cg)l0g$tlT43O, X-Y-y^^^ 
40 ^m^Ql(0^—h\thy>VX^QA(Dzi]y!?^-3Z 

^ y^m^i^\^x^^y\'\zmm'^nx\^^^o 
[0 0 2 3] za>^6\zmm'^nrz7.^ y^y^ 
mmmmio^m^^. m2^^m\^xmM^^. 02 
x-r y^y^mMmmicD (a) ^^m^i (b) e 

ft?Sf»#fC43tt^, !fiM#j»N3<DmjEVb i a s. mi 
<^zi>5=^>itTfe'5n>5=^>'t^-C4C0i^)^miEV c 4, 
m 3 >7^>ti'T^'g>n >5^>1j-C 5 CDS>amEEV c 
5. m2<Z)I]>^>-ttT^^n>^>1j-C 6(7Df^^S®/E 

vc eco^PBl^^b^^L.Ti^i'So cdT. vfbftt^yyf 

50 h h^>>?X:$^PTconl/i5^:$^ffim"e, — K/t-z^J^ 
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m&t Lxit^^ I c 1 (D^^xtim^izAti^nx^^^ 
^^—^oymizitmi—^cDimzr^^. z,z.xiit. ^sos 

I C 2coj^eA;fjS8^fCA:^^nTl>^o ^LT, Vr 
e f \t&mn&My r e f (DM&Xitl^m I C 3 <?)i^e 

[0 0 2 4] ^T. #@^^^»tT'^^^t^P#cOi^jf^^»# 
[0025] (t=0-tl) X^y^>^m^Ql:fy^ 

jiMJ^njEv c 5 f)^y z ^zmi^rzmAx±^ o , -etii^ 
M^>u^Mz:^^j^o\zmm^nx\^^^rztb. itissi 

[0 0 2 6] (t = tl-'t2) n>5^>1^-C 6 0DiS^)S 
mmvc 6 3&Wr e f t Jtfegg I CSCOmtff}^ 

HU^Mz:f3:^. >^> 

Kl C4com:^)JiLlx^;i/^«oT(.^'2)o 

[0027] (t = t2-'t3)n >5^>1^-C 4 (DMS 
mmVc 4;^^*V f b^S;^'5^. it$gi§ I C 1 (T^ffi^Ti)^* 
Hlx^;KC?^ci:^p dtlfCcfcoT, ANDlElKI C40D2 

t^^cCO. ffiJiR7^:frLTh^>>^X^Q4^:t>$-& 
J^^^-^, *ia>r3>T^>1^-e^'&n>^>1^C4<D^S 

amvc 4;^^*:7><- Hn^y^e^(cj;-DTSfcS$n'&« 

mx$>^v f btj^m-r^a^i^^. v=f'>!fm^Q 

[0 0 2 8] >';f h h^>>^A^PT^5a^^?^^*^<;^^o 

7'>1tC4C0M«®/£Vc 4^^'V f b<&@;^'&^-e(^B# 

R3. n>'r>1tC4. ItiSigglCl, ANDIUKIC 
4, «S6iR7. h^>vX^Q4, ;fecl:CX7>t'-HA'>y 
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[0 0 2 9] 7.^ ^y^>^m^Q\i)^^ — >:^'7'^^ 

mmzmmmuu 3 <Dmmv h \ a sti^mzt^^tz 

i6fC, 3>5r>1tC4, C5, C 6(iJS(mb^J6^o n 

y'fy^c Atmm^^^^ t.^ <^z^(Dm^m^v c 

4?5W f b J:0(£<?^^^i?)> JtRSI C icDttS^fJL 

'&^rzi^{z-nm\z:ty\zt^^tinx^^. 
[0 0 3 0] ^tz. ±.^<Dmm^^t>ti^^^o\z. n> 

Ocv f b J:0e<;^ci:'5;^a6. m2\z^'r^o\zM.f)^n 

CD - > ^ >^ iS^ ^ > i/7&« Sfc^ ^ n-5 i: 3 ^ o 
[0031] (t = t3-'t4)A'i' v^y^M'^Qi 1 

•rmSitX)^ifn(c:;5:^^, !lga#IIN 3 <Dmmv b i a s 

[0 0 3 2] (t = t4'-) CZt^^^^ST-SmffiVb i a 

s (Dmjm(ry^m,^-)5^(i^^i^t^'^y^m,\z^^ h^>>^x 
2 ^:frLTA-r -j^y^m=i'Qi i ©y- htca^so^ 

^:;^#igN2 30^6S^¥m[Hii^2(cdftnm-rmftt:^^* 

if n(c:;^cC'5c:i:;^f^X'f y^>iJ/^^Q i <D^—y^y(n> 

v^M5\zf^^. y^y^m^Qifj^^-y-ty^^ 

\znzj^iE(Dmm\z/j:^o z.nyLmtt = o^i^^uDm 

-to 

[0 0 3 3] :i'<D^olZ. St&flt (^mn^m) \Zfit. 

—:kmmN 1 {zmmmnu<fj:^h'r<\z-'AmmN 

2f)^ibmm^mm^2{zmmf)mnmi^i^ib. 

N 2f}^^mni}S'tmm^^iiui,zf3:^hT<\z:A'i v=^y 

^m^Q 1 ;?ji^*^->^>UT-:;*:#^N i \zmm.fimn 

UK x-f l^is*&p^^c^iS«Effi^^- 
[0 0 3 4] im^mmxT.^ y'^y^m^Qi 
<D:tymmtmm^nx\^^^t^\z\t. M^commiz^ 
^:tymm(Dmzsm^iz^t:>itxh^y7.T{zmm'^n 

[0 0 3 5] 'A^z. mM.mm(DmiiF^mm^j^^xmm 

[0036] (t = 0-'tl) 7.^ y'^y^m^Qlt^ 

^—y:tyt^t—'A^mN 1 \zmm.i^mti. mmzm 

50 jl#*lN3(DmffiVb i a ST&tjEtCT^cCO, =3>5^>itC 
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{Cf^oT^D> ^ntCcfcoT h^>vX^Q 2 t>:tyt*C 10 

[0 0 3 7] (t = tl-'t2) ZJyy'y-^CACDm^ 
mEEVc 4 f b^ffix.^i:itgeSg I C KDthtffj^H 

u^Mzf3i^x:t>mmmmwi^f)mf^LJ:o^'r^ 
f)^. ccomi^sXittzi y'fy'^c 6 coM^mmv c 6 

re f lcjlLT(/i;^<£0>fci6tcittSeSgI C 3 <Dai:^?5^*L U 
'^^l^^ffioTi^o, ANDiHlg§ I c 4com;^tlL 

5^>-9-C4(^f^^mmVc 4?&W f b^SA^dtttX 
^y^>^^^Q 1 (0^-y^y<D h U :^<i:ti;'cJ:e»-r. 20 

[0038] (t = t2-'t3)3 >^>1tC 6 COMS 
mffiV c 6 r e f ittg§§ I C 3 (0\^ti 

f)mV^)UZft^. Z.n\Z^'DX. AND[pIj?S I C4C7) 

2r:>(DXtif)^t.^\znV'^)VLr^r)^ ^(omti'hnv^ 

^Q4^^*:t>T^c<h{cj:oTx-r v^y^m^Qit^ 

Vf)^tE>±^\^XV r e f ii^^'T^Z.iif)^. X^^y^> 30 
C 6c7)i^^mEEVc et^OVf)^^±.^\^XV r e f 

r e f . itsgg I c 3 ^^ismmm^^m\z:t >mf^ 
mnmmz^^y.-( v^y^m^a i <7>^->:tr7ii!if^ 

^ W*JT ^ >«8 PellS^ [HiK <i: o T i ^ <! t3 
^O^-So 40 
[0 0 3 9] X-f ';/^>^/^^Q l;i>^*^->:t:7-r'5 

t,. z:MKMm.n 2 7&^6^«t¥^t[HlK 2 \zmMi)mt\'^ 

tb. mmzmm^mN 3 (Dmmv b i a si^^mzfsi^rc 

isblz. n>7='>-tfC4> C5, C 6(i*fettbii^i6^o :3 
6;&^*V r e f cJ: 0 <£< ltK§§ I C3(Dmtt\t 

r^o. h^>i^x^Q4{t^y^mAzm^o Tr<s:t)^s 
^'^^rcib\z—mmz:t>^zf3i^rdi'fx&^. y so 
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T^fzisbizmi^f^nxi^^^. 

[0 0 4 0] (t = t3-'t4) y^ y^y^mi^Qi 

^^^y(Dm\z-'A%i^N 2 f)^'bmm^m^^ 2 (catntB 

\t^m^ti^i^^o c(Dt^. hy>i^y^Q2}it^yik 

m^Qi<Dy—hi.zwm^ti^zt\trj:<. mj£vb i 

Vb i a s iZ^^X^ y^y^mi^Q 1 (D^ — >yir>\^ 

:f:^m^2(D\^^irn\zhmm^mtit^\.^^mtf^^rz 
n. ^(om^m&v c 4. v c 6},tmm^ith\zov\z 

[0 0 4 1] (t = t4-') 3>T'>1tC scopssmjE 
Vc 5f)i1S:T\^XV f b ^T®^ <hJtl^gg I C 2 0m*7 
j&mL^^;i/ii:;^0, hy>iyy.^Q3f)^:t>\^. hy> 
':^X^Q2:?&^:t>T-5o cnt^cfcoT t = t 4t;^cJ:€>S 

-etc3>5'>itc 1 izm^^ntzn^^^ h >i^y^ Q 
y^ y'^y^m^Qi^^^-y^yf^o -rrjit)-^. m 

3C03>^>1t7?^'5Zi>^>itC 5C0M)«ai£Vc 5 
f b<h3?M'r -Silihi^^X-f !y^>^^^Q l (Dd^ — 
>^>(D^^ ^>'!f^^'^-^^h^)^\zt^^. Vf bH 

|3^^m/EVc 5;^^*i*m{CJ;oTfiTbTV f b ^TIhI^ 

ffi!n:R4, n>5^>+hC5, 3::^-y-r KD 3 , 
itgi§§IC2, StfCRS, h^>>^X:^Q3, ffiiaR 
2> 3>5^>'*tC2, i3j;a^:7.<-hV\'>yi^^EE%±(eI 

m FbI ^ a^^T^^^'S <t^^\^^m,<u^^o\zmn^^^y 

\iZ\tzi y^fy-^c 6 \^'^±\ziSLm.^n^^o \,z^<o^m 
m'^mtiiR6(Dmf)m^^nx\^^^. ::n^w^t = o 

[0 0 4 2] mi tm2^mi^^xmmi^rzJ:o 
i,z. y^>^mmmmii,z:}D\^^x\t. $mM^mz 
\t:t>mmmmmmzjz-Dxy-( y^>^m^(o^>m 
m^mmvxmtinm^-'^\z^^. m^^m\z\tm^is 
:t>mmm&m^\z^^xy^ y^>^m'f-<D^>mm 
^&^i>^^>mmizm^'r^tthiz:tymmmm]Bimz 
<^r:>x:tymm^mmLxmtimi£^-'^\z^'^xi^ 

[0 0 4 3] cntCctoT. mM,W^(Dy-r y'^y^m 

&^<D±m^mm'r^rzi^'fxtii<. mzM.m^m<t3:^ 

\^Ey-( >y^>^m^&Sc^1&T^it^Z.ht>^X^. «M 
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(7) 

11 

[0 0 4 4] ms\z. ^mmo)7.-r y'^>^mm&m(D lo 
hi.<\tmm<D^^\zitmc$^n^ni.. ^<Dmm^m 
CO 0 4 5] ^3(c^DiiT, 7.-( v^>^mmmmi 0 

mm^ \ 2TS^$nT0i^o i^T> mmm^^i 2(Dm 
^^mh^abxmmi^^i n^z^^^xmrn-r^o 

[0 0 4 6] ^"T, »}l#^N3 0-S«^-r:t-HD 
4<hn>5'>1i-C8;^^e>;^'5M«E¥«lElK^:^M.T^« 20 

^^miz{t:z(DmmW'mM^(DHit}mj^f)m^'^n^o 
1 ^^UTmoftm^i^v i nizmM^nxi^^o 

[0 0 4 7] lhtimj£m^\Bl^3(Dy:thy^^-\^P 
D^iM^Z^'DX\^^^y^hhy>i^Xi$^PT\t. ZlU^ 

^f)^&mmti^i\zmm^n. jL^y^'fy^^^y]i\,z^m 

m^:io^ZSti:^m I C 8 (D^mXtim^^zmm^tXXi^^ 30 

[0 0 4 8] ^fz. mmm^N s oo— a^iite^gg i c 5 

<D^R^A:hmf'\z&m^nxi^^^o ItlSeSg i c 5 cd^ 

feA:'jS^{c(i. ^^Kmxtj^l='(DmEEf}^'^u\zU^rz 

[0 04 9] ^fc. mmmmN 3 stdissR 8 <h 40 

atrtR 8 n >T'>1t C 7 (^g^^.^JlJtgiSg I C 6 COM 

mxtt^T^^kzj^itm^ I c 8(o#j^KA*«^^fcs^3^ 

$nT(.i^o /j:^. ziyy'y^c? {t^l(D::2>y'>1^ 
tm3<DZ}>y^>'^<Dmm^mt2X\^^^o 

[0 0 5 0] ^ib\Z. ©}l#^N3CD-S{^StrLR6^ 

n >T'>itc 6 (D^^mm^iffLx^^y Ktc^^^n 
c 9 mm^Atjm^izmm^nxi^^^. itmm i c 9 50 
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0OjSKA;^?)a^{Ctd:S2p«mMV r e f:^m^^^nxid 

0. -^c^ffi^^JiANDiHlK I c 1 00D-:*r(OA;^tcggJ^ 

[0 0 5 1] ItRSI C5<h I C 6(^)m:*;«AND[HlK 

I C 7(0 2-^(7) A;'jfC^g^^nT:feO. ^(Oms^t^RS 

>'ij ^>:>":7n^:/y I c 1 1 (D-feu/ h«^S(cS^$tiT 

l^^o tfclligg I C 8 ^ I C 9<oaa:^fiAND[pI 

I C 1 0C0 2OcDA*tcS^$nT4D0. -^(Dthti^t 
RS:7U iy:/:7n-;^I C 1 icou-tr^y hSS^Rlc^i^ 

I C 1 lcOjK^ttS:/j^Tt^«ffib?'cj:i^/tfi6tc«ffl&bTt.^ 
^fc, H^-f :riniKi 3Ji^lSlHlKi 2fc:#t)f&$n 

[0 0 5 2] fcC^, ±ia(0«[figM^<^4'T*S[HlKl 2 
^S^-r^c^^ti^ ^mfi^Z^ I . it^^ ICS. I C 6 . 
IC8, IC9, ANDlHlgSlC7, ICIO. R S :7 
Vyy'yuy^l CI 1. K^-fyiHlKl3, ^:7-t!y 
hSmilV off, J;C/S2pm/EiliV r e f T^^^o 

[0 0 5 3] cKOct^tcffif^^ny^A-f 

nmmmi oo^mi^"^. m4^mmLxmmT^. m4 
A-r ^y^>iy^aissi o<d u) ^^m^i (b) 

1 <Da>5'>1ti:^3 03>'7^>-tJ-^*^aiTl.^^33>5=^ 

>ii'C 7<7)ia5)SmiEVc 7. m2<DZl>y^>^X^^Zl 

>^>1tC6C0]ag^mEEVc ecDS^Fpl^fk^^bTl^ 
-So CCltf, V f bfi:7:t h h^>>^A^PT(^3 

J^feA:^^a^4ocfcD;itSgg I C 8coj^teA*li^^{cA;^ 

^nx^^^o V f b\tn^<D^wj\z^^'Dxmws'r^f)^s 
thtinm^^—^(7)m\z}itm£—'&(Dm\ztji^. v 

r e f Jit&mmEEmv r e f <C>mj£Tit«S I C 9 

mxtii^i'\zmm,^nx^^^o 

[0 0 5 4] ^r, ^Sft^^WFT^^^^^m^SBtT'^-S 

^ t& B# CD iiii ^ p# ^ ii o T 1^ 0j -r ^ o 

[0 0 5 5] (t = 0;?&^8 t 1) A-r ^y^>i5^S^Q 1 

T^^r^'-v^^'T'Sih— :;*#*IN 1 izmm-^mn. mmz 

mm^^N 3 (DmmV h 1 a s ^^iE\zU D . I3>5=^>it 
C 6 , C 7 <D%nf)^Ph^^. ta^. ^t&m\Z\tV fbJtt 
m\^^U^MZ$>0. ziy'ry^C? <Dmi^nf£V c 7 (D 

■:^f)^l&\^^rzisb\z. it&^i c6(Dthti}(tHu^mz. it 

mi C5<Dtht3h. #MteA;t;^^tc«jEVb i a s^^* 

WtU-^tlX^^^^fz^lZHU^Jl^lZtSi^X^^^o 

[0056] (t = tl-'t2)zi >y^>-^C 6 COMiffi 
ffiflEVc 6t)^y r e f ^S;^^<i:jt|gSg I C9<Dmtt^^ 

«EEV c 7 7&^*v f b ^®;tTl.^;^cj:i/i;^a6tcitgigg I C 8 

<Om*;6^LU'^;^<£«^^T*5 0, ANDlHlKl C 1 0(© 
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c 6 (Dmtf^txti^^iti^^ I c 8 tm<Dt§^mzfj;i'ox\.^ 

[0057] (t==t2-'t3)n >y'>'^C 7 (DM^ 

miEv c T-^^v { b^m^^t. cs(7)mii^^ 

HU^;U(c;^j:^;i<»:tCckoT, ANDIhI«S I C 1 0 cO 2 
tCctoTANDlHiK I C 7CDffi;t;«Ll-^;^tc:^cC§o ^ 

I C 1 l;&^'U-tu/ h^n-gxh, -e<0/±i:/j}^>^'L U^MZfX 

y(o^^^>^f)^»:^i^n^h^j:»Lur). :t>mm^ 

^ib^:iLi,zU^. 20 

[0 0 5 8] y:thhy>-J7.i^PT\tM^t>m<^'D 

x>-y-C 7cOi^ami£Vc f b^m:^^^X<Dm 

R8> n>5^>1^-C7, it^gfflCS, ANDIhI^IC 

10. Rs:7ij ^:;y^D-/:/i c 1 1. H^-ryieigsi 

3, ^^V^y^-}^/^y^mj£^±\5\^^^ty^^^^. 
^mM^mzy.-( y^y^mi'Q l CO:t>^P0l^^^^7&^* 30 

X^^Zt^^t)^^^. 
[0 0 5 9] y^>^mi^Qlt)^^ — >:ty^^ 

zz:^m^N 2^^^mM^^m^^2\zmM^mnPh 
tb. mmzmmmmN 3 (DMEEv h i a si^^M^zfsi^rz 

itc 7^mm^i^ib^tT<iz^(Dmmmmv c 7:^^ 

ttjiO. ANDlElSS I C 1 0(^m:^t>L I/^jl/chT^C^o 
mztt^^ I C 6 (OmtJfitH U^MZ^^:^^. it^m I 40 

c 5 m^^mAtii^i'^zM(Dmj£v bias •^^wi}n^n 

^rzSb\Z^(DmtfitL AN D\B\^ I C 7 <D 

mti\tLU^MZf3i^o ^nf)^iE>V\ti^<VXZl 

r e f ^Tm^tzi5b\Z. IttSg I C 9 (Dthti^l^U^Jl 

[0 0 6 0] *fc, ±$^(Dmm<^0t^:^^^^O^Z. ZJ> 
fy-^C 7<0SSmflEVc 7ta— B.V f b^SATt)T 
<{CV f b«fcO<g;</cJ:^;^cfi6, 04 (C:^-r<fc -3 tC^T&Ht 
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(09-y^y(o^^ ^ y{/i)^^'^^n^^o\z^?L^o 

[0 0 6 1] (t = t3-'t4) X-r^y^>^^TQl 

f)^:^y(Dm\zzL:k^WtN2f)^^mm^m\s\'^2\zm.n\& 

^m.mti^'\LU\zt^^ii. »M#^N3C0«lEEVb i a s 
[0062] (1 = 14--) CCO^ST^aJE V b i a 

s (omm<DiEmEE:^}^<Dmz^'DX\t^m i c 5 m^K 

\ZHV^MZt^^X\^^^tz^\Z. AND[HlS§ I C 7C0tH 
S >"J n I C 1 lf)^^-j V-^n^o RSVU 

\^^)V\zUK>. }^y^zfm^i s^ifiyxy.^ y'^y^ 
-^^^mmw^m^^^ 2 \zmnm'rmm:^^ift2izr^^z: tt)^ 

X-i y^y^mi^Ql(D^ — y:ty(DhUt!\Zt^^o 7s 

^ v^y^m^Qiti^^—y^yT^t.n^vb i as 

[0 0 6 3] ccD^o^z. m*&m (^mM.^m) \z{t. 
— *#^N 1 izmm.^mnuKu^h'rKiz—AmmN 

2 fi^^mmw-mm^ 2 {zmm^mniti i^tt^ib. ^^^^^ 
N 2 f)^^mnQ!i^mmi)^^u\zt^^ h-t <\zy.^ v^y 
^^TQ 17^^*5^— >:t>LT-';^#^N 1 \znMt^m.n 

[0 0 6 4] :iK\z. ^^mm(omi^^mf^^^ik^xmm 

[0065] (t=0-'tl) y.'i y^y^m'TQl^^ 

^-y:ty'r^t-''^mmN i \zmmf)^mn. mm^zm 
6, C7 0^mf)^i^^^o c(D<h#, mm<D^^\zy.^ 

-y^y^m^Q 1 (D^—y^ym\z{tziyv'y'^c e^t 

^±\Ztkm^riX:BK^. ^(Dm^M&V c 6}ttOVLt3: 
oTli^o llEEVb i a s ib^JE^zU^ :i ^i^Z^D 

it^^i cstDthti^tHu^Mzu^o mrc. mM,^^ 

\Z\tV f b\tm^U^JV\Ztii'oX:hD. n>7^>1tC 7 
coisi^mmvc 7<7)^r:^^*i^i>fca^{c, Jt^g§IC6coffi 
:^tiLU'^;Ulc, C 8(DfcH;tiJlHl^^;i/fC3^o 

Tv^-So 'T^'j:^-^. mKDzjy'ry-^x^^ziy'Ty'^ 

C7 (Dmt&mmv c 7 (D^mizj:.^±m^. y.^y^y 
^m^Qi<D^—yy^y<Dhv:ist\tf3ir)^^'r. :tym 

o ^^\Z. ziyy'y'^C 6<Dmti^mf£V c 6\tV r 
e f ^Om^fzib^Z. it^mi C9(Dmtj\tLU^JlL 

[0066] (t = tl'-t2)n >^>itC 6 <7)Miffi 
SffiVc 6;0^'Vr e f i:itg^g§ I C 9 <Dm;t?7J>^* 



t 
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iZt^^X^^'^^tzSb^Z. ANDlHigS I C 1 OCDffi:^jt)HU 

^b;6^i;i6V f bciiDm^^^tzibiZit^^ I C6<Dlht}\t 
LU^JKom^mt-^'t'. ANDm^l C7 (Dlhtfhl^ 
U^Ji^CD^^mtLU^K -eUT. ANDlHl^ 1 OOffi 
tj^mi^^MZtii^Ct^ZJi'DX. '^(D\Lt>±^^O^h 

^JfJ tlrXRsy^j -/y:7P*yy I c 1 i:^^»;-ti>> h$ 

n^o RSyU^yy:7D^y7'I C 1 1 J^^^' U ir h^tl^ 
^(Dmtif)^LU^)V\Z/3:K). F ^-f :/lHliK 1 3 

LTX<^y^>^m^Q 1 ^i$^->::t v'^l^^o TJ^cCt^ 10 

Vc 6:^«0 V55^^±#UTV r e f h^m'r^Ctf)^^^ 

R6, 3>7='>"y-C6, ^-r:t-KD2, ItgiS I C 
9. *3<i:r/S^mmMV r e i^^tsmm'^. SM^Bt 

[0 0 6 7] X<^;/^>^^^^Q l7&^^->:t:7T^ 

ii. ~Amm^2f)'^c^^m^mm^2\zmmf)mn^ 

I^B#{Cffia#^N 3 ©am V b i ai s t^mzt^^fz. 

-^ce^mm^tt^^^tTKiz^cDmmmEEVc e^^v 

30 

[0068] (t = t2-'t3) 7.^ y^>^mi^Ql 

Tm.mtf^ilU\zU^h. !ISM#«IN 3 (DHJE V b i a s 

C(^^igT^mffiVb i a s cOiE^m 

C 7 (Op^SmjEEV c 7 ;^itv f b J: 0 iSv^fca^tcitK^ I 
C 6<Dlht}\tLU^Jl^m^T^rcit>. ANDdlSSiC 
7CDm:^^)L^'V^;;^^j^^#L. RS:7U ^yy:7D*yy I 40 
CI l^^iiy h^n^CUtUi^K 'rUt:>t>. ^MT^ 
ttEEVb i a s tC^z-SX-f *y ^>i/^TQ 1 — >^ 

t-'AmmN 2<D\^^'rn\zhmm^mnf3i^^mmhu^ 

iitHu^)i^Lhu^j\^^^m\zmomT. -eux. see 
V b i a s Ti^'^^icig^^-r-^ jt^^ I c 5 mmm 
xtit&^commiit^ uizf^^T^^. Kuxtim'f \z $ 
?^ft<7>mEEfflo:r:7-iry hmEEagvo f ft^m^^^nx so 
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\^^^rzmz. ^(0^ti\'tHU^MzU^. ZJ>y^ 

>'^c7\t^\^m^nm^n. t<Dm^m^v c 7 \ti& 

[0069] (t = t3'-)Zl >^>^C 7 (DWiiSmEE, 
Vc 7 75«V f b€rTlBl-5i:itKg|I C 6 <7)m:^?;&^H l/^ 

itm^l C 5 <Dmtj\^TX\ZHU^)i^\Zf3i'DX^^^rzisb 
{Z. AND\B\^l C7 (DlhtlhH\y^Jl\zr^K). -^(DiL 
'^±f)^O^Y-OiJ^LXRSy0^yZfyu^yZfl CI 1 
^t-fe^y h^n-So RS:7U ;/y:7n y^I C 1 l:i&^*ir*y 
h^tl^t. ^(Dlhttt^HU^JUzUr). K^^ysSS 
1 3^^LTX-f ^y5^>^^^Q 1 ^^->^>$-& 

TtS:^-^, ^3(Dn>5='>-y-rt)^^33>T'>i^C 
7<OMS8mEEVc 7;?&tv f b <h32MT^Ci::?&^*X-i'*y5^ 

:tf{c;^cJ:^o V f btiftffif:0^S<7S:^(5<i:lgT'r'5;^ci6 
tC. 3>'X>1J*C 7 0MiS«EEVc 7 7^^«ttStc:cfcoTig 
TUTV f b^TlHl'5^T(?)»tr0lt)^^^;O^St.>(5i:S< 
fcC^o Ztl^r). C<^}gStR8> n>5='>itC7. itii 

i§I C 5. I C 6. ^y-iz^y hMRMV o f f > AND 

iHi8SiC7, Rs:7U^:/:/:7D-/:/i c 1 1. K^-r:/ 

'7'>^c6it^±\znm^ti^^oi,z^<D^mm'^m:tfi 

[0 0 7 0] &.±. ms tm4^m^^xmm\^rzj:v 

\z\t:t>mmmmmmzjz'Dxy.^ y^>ifm'i'<o:t> 
mm^mmi^xitiidmE.^-^i.z^'^. -^^^m\z\tm 
n^:t>mmm^jBi^i>z^^xy.^ >y^>^mi^(D^>m 
r^^^m^i^^ymm\zm^t^t^^\z:tymmmm\B\^ 
^z^'ox:^ymm^Mmi^xihtim&^-&zi^'DX^^ 

[0 0 7 1 ] :zti\zj:^x. mM.^f^(Dy.^ y^y^m 

<D:tymm^mmmzmmT^:z^'^^x^^rzib{z. m 

[0 0 7 2] ±IBOiftM<0J:'5tC, #Sfii^B#-r 

t^t>'^:t>mmmm\Bimmi^i.xi^^^i^\z\t. mi 
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Vc 7tiV f btC^tLTS(.^«BE?&^6<£<?^cC'5:5[^Tifi 

sssi3E7j)^\ :r >^ m mm mmmi^ vxi^^^mty^- 
wc&mm^'tymmumm^o^Wi^^^mx^xy^^^^^ 

>^tw.^(D:j>v'z^^(omm^mt^x\^^^rcib. 
CO 0 7 3] ^i^\z. mim¥&(D±^^^mm^&^T 

[0 0 7 5] 0 5fc:fe(.iT, 7.^ ^mm^m,2 0 
^mmh^^xmnmm2 i^^^^xmm-t^. 

[0 0 7 6] ^-r, !lSil#«lN3cr>— iS8Hi5^-f ^-KD 

A tziyy'y^c Qf)^i^f^^^m^mm^^it\^xmm 

lelte 2 2 tCggg^ tlT Vi^o ««lHli£S 2 2 C0rtaB(O#« 30 
[0 0 7 7] m;^affi^^[Hlg§3C7)>';t l-r5^-r:t— KP 

^t^'&mm.mwz^m^ri. :y^^-y^f)^^^y\^\zmm 
nxiso. ^^\znu!7^\t.vcMmi c&(oim^xi3 

S^4oJ:r)C^<:t-KD5^:fM^TJtK^I C 1 2C0M 
feA;^S9^^CgEI^$nT(.i^o JtlSS§IC120 40 

SeA;^iS^fc:tlS2pmmilV r e f t)S^$nTl^ 

[0 0 7 8] ^tz. !fia#^N 3 <Z>— SHit«5§§ I C 5 

KA^iS^lcti, #^^KA:ti^a^(^«/E^^*ifn{c 7:1:0;^ 

^ m ;^ H u ^ ;i/ fj: ^ J: ^ /h $ T^cf ^ o mmm 
:^-:7ir^y hSEEMVo f i f)^&m^nx\^^^. 
[0 0 7 9] ^fz. »a#^N3CD-iSJi}£tfCR8 50 
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StrtR 8 <h n >5='>1tC 7 (7)ig^.-afiittfi£S§ I C 6 0)^ 
^Xti^T^<^U)AL^m\ C 1 2(7)#^jS^A;^a^ic^ 
l^^nrvi^o fs,^. n>5^>ii-C7«^lCD3>5^> 
•9- H 2 (7) 3 > X > it m 3 CD :3 > 5=" > it ^ fig ^ * 

[0 0 8 0] C5<t I C6(7)tt;;bJ^ANDl5lK 

I C 7<D2'^c?)A:^(c^iE^nTi5 0. ^(om:t?tiRS 
:7U *>y:7n»y:/l C 1 ic^ir-y hSS^SfcSS^^nx 
i^i^o ^/i, itK§§ I C 1 2cottl;^;tiRS ^''J ^^/y^'p 

1 C 1 l(7)Uir^;/ hiS^RStCgE^^nTl^-So R 

sy^y^^yu-j-zTi c i i oom^^^^Qti K^-i':/© 

K 1 3 €r:fr LTA-r u/5^>i5^m^Q 1 h \Z^W.^ 

[0 0 8 1] H^-f yiHlSSl 3c^tB;tltl*^S 

"^;i/^/N'-r:/U~3^ 2 3 ^®{rLR9^|ll(C^bTh^> 

^ > K tc -en-ens^ ^ nx ^ ^ o 

[0 0 8 2] ±fB<7)SlfiKM^(7)4'T»«lHlK2 2 

i^A^Q5. ffifixR9. m^^T^I/^AW:/!^— ^2 
3,itgi§§IC5. ICS, I C 1 2 , AND[pIg§ I C 
7, RS ^yy:7Du/y I C 1 1, K^-fyiHlgSl 

3> :t:7-tr^y hmmj^Vo f f . :fe<J;(yfStp^ffiiliV r 

e f X^^o 

[0 0 8 3] C<DJ:oizm^^nrz7s-C y^>^ 

mmmm2 o(DW}i¥^. me^mmvxmmT^o me 

\t. ys^.y9'>^mM^m2 0<D (a) S^B#<h (b) 
mM.^mzn»^. «j1#^N 3omjEVb l as. 

1 (DZl>y'>^t.m2(DZJ>y'>1j'tf^3(Dn>y^>'^ 

trmt^x^^^zjy^yD'C? (DM^m^v c 7<Dmm^ 

{b^^bXl^^o CICIT, V f bti>^:t N h^>>^A^ 
i§ I C 6c^#^;S^A;^7«^^J:r/y-r:t-KD 5^^^b 

Titfegl C 1 2CD^teA:^^^f;iA;^i^nT^0, :a 

moymmizm^x^mr^f)^. rz6:^it^i&mxm:hm 

BL'fy^—^0miiZ\ftmi-'^<DimzU^o ^rz. V r e f 
\tmmmf£MV r e f cOttjEXJtUg I C 1 2 (DK^A 

t}i^TizmM^nx\^^^o 

[0 0 8 4] ^-r, #^gM?S^X^^^*&P#CO»if^^^ 

[00851 (t-O-tl) x^ y'^y^m'f-Qif)^ 

i$^—>:t>'r^h~:k^^Ni\zmmf)mti. mm^zm 

Jllz^D. zi>T^>itC 7^^^m<DJ:o\zmm!\z^)±y 

h^nxi^^^tzib^z. ^(ommm&v c 7 }ttc<Dmi^x 
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oTl^^o ^Tz. V f bitV r e f J:Oh^^{zM^^U 
^JUtta-DX^^^Tztbiz. itm^l C 1 2<D^e.?^t!t^ 

Tz. it^^i cb(Diht}h. ^m^xtji^i'izmj£Y b 

i a s^^mM^tlX\^^^rzib\ZHl^^JULfji'DX\^^^. 

-So 

[0 08 6] ( t = t 1 — t 2 ) n >5^>1tC 7 <DM^ 
mmvc 7^^V r e f ^^ATt). it^^ I C 1 2 COJS 
KA:^ffl^fCtiV r e f^Om^^V f b ;0^*A;^^nTli 
itg^ggl C 1 2(?)ai*tlL U^;l/^{SoTl/i 

-So 

[0087] (t = t2-'t3) n>7^>^^-C 7COMS8 
mJEVc 7:^W f b^m^^t. itKgg I C 1 2oom:^ 

(C^Sr-SCchtCcfcoTANDlHl]^ I C 7 (DtHtl hi. 

\zfs.^. -eLT, itKSgl C 1 2<om*r?&mix^;i/tc;^j: 
^;i<h(CJ:oT. "tO^tL^Aiti^y^^h^MILiyXRSy 
U ^:/y>'Pu/y I C 1 h^n^o RS>'U^y 

y:7D^yy I C 1 li^^U-fe^y h^n-Sxh. ^(06M3f)^l. 

X^^Mzf^y). H^-ryiHlg§l ^y5^>^ 

jEvc 7f)^y>( — }i/'<y^mmz^'DX^^'^n^m& 

X$>^V f b<h5£M'r^;i<t:?!>^X'<>;/^>^5^*^Q 1 (D 
[0 0 8 8] y:^hhy>zyys^PT},tM^/)m<U-:> 

xy^hy^^-}^PDt)^^ (D^^mt)^^ KU^it^^i::! 

U^^-Ji^ y^mcD&mmT^^rzisb. Vf b«ft 

7^>i^-C7CD]P^«mffiVc 7^tv f b^Sx^^TCORt 

R8, ^>7'>*y-C7. ltt4§SIC12, HD 
5, RS :7U ^;/y:7n^y^I C 1 1 . K^-ryiHlg§l 

< -5 {5 <h*^ < i^cC cfc o tc$ij»r ^ :t >^FB^Hia? iHlliST 

[0 0 8 9] y^>^m^Ql^^^ — >:tyt^ 

86. f^Pt{C'i§M#l|N3(^mmVb i a s 7&^*M{C75:^fc 
isblz. 3>x>+l-C 7friftaLtefi6^o a>^>itC7 
d^SS:^^J&fi6-5^rOc-e(7)M^mEEVc 7 7&tv f bet 
D&Ktji^rzfsb. itmmi C I 2<Dmt!\tLU^)l^iU 

I C 5 (7)#jSeA;^i^^(rM<7)mflEV bias ;!i^*B3J!lD 
$n^/ti6tC-ecDai;^;HL l/^;U<h7'ci:0 ANDdlK I C 
7 cr)m*rt>L l/'^>iKc;ti:'5o 
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[0 0 9 0] mtz. ±m(Dmm<^ot>:^^^<k'^{z. n> 
^>^c 7 (Dmmmmv c 7 ti-a.v f b ^s^Tfef 

<\zv f b J:D^g:<;^ci:-5/z^s6, 0 6 ^ (c J^Ti/^^t 

<D^ — >:ty(Di^'^ ^>^:f)m^^n^<ko\ZM.^^o 
[0091] (t = t3'-t4)X-f y^>C^m^Q 1 

f)^:ty(Dm{zzL:k^mN2f)^^mm^mm^2\zmnih 

Tnm^^^uizU^ts mm^^N 3 O^MEEV b l a s 

10 [0 0 9 2] ( t = t 4--) dCO^iiT^miEVb i a 
s CO««OOiEmflE;^I^<?)ife{C J;oTit|ggg I C 5 mm 

' t<Dmti:fy^HU^MZf^^o it^^l C6(DthtflttTX 
iZHU^MZU-oXl^^^fzib^Z. ANDlHiK I C 70Dm 
tit>HU^)l\zr^D. "tCDiL^^^^D^h^J^^iLXR 
Sy^J^yZfyUyy'lCl l:^^iLyh^n^a Rsyu 
^y^yu^y-^l CI t(Dmtl^^H 
U^Jl\zrj:0. Y^y^zTM^l ^^itl^XT.^ v'3^>^ 

20 e> mm^m^^ 2 izm.nih^mmf)^'^ aizu^z.^: 

Ts-i v'^>^M=¥-Qi<r>^—>^y(ov^)l3\zf3.^. X 

^ -J'^>^m^Qlt^^—>':^y'r^Lm^£.vb i a s 

[0 0 9 3] \^y'i:fm^l 3f)^^7.^ y=^y^mTQ 

x^^—>:t>^'^^rz^<r>\hii\t. l^Bttc*s^v;u 

nm\zn}y^Mzii.K>. ^zniimmK^^itx^xhyy 
30 7.^Qbf)^—mm\z:ty^m\zt^^o vyyi^y^^Qb 

m:^y^m\zu^z.h\z^^xziy^y^c 1 

nx\^fznMtmn\zWLm.^n. ziy^y^c7 <j>n^ 

mjEVc 7(^0 VtcU-fe^y h^tl'So cniK^^J*t = 0 

[0 0 9 4] z,<D^o\z. -w^n m^^^m \z\x. 

2t^^mm.^mm^2\zwmmt\.^\^^^. zl:!kmu 
N2f)^^ mnm-rmm-^^'^ a\ztii^tT<\z:;x,^ y^y 
^mf-Q 1 t^^—y:^yi.x-A^un 1 \znmf)mn 

40 ih^^z.ii^r^. 7.^ y^y^mM^m2 0\t.^^mz 

[0 0 9 5] Sft^^B#Ol!if^^B#PBl^jgoTitt§^ 

[0096] (t=0~tl) y.^ y^y^m^Qiti^ 

^-y^y^^t,-:kmmtni\znmfimn. nm\zm 

m^^^^ 3 (Om^V b I a s f)^iE\ZUy> . nyfy-^c 

7 (O^mt^i^^^o ^43, mjEVb i a sti^JE\ZU^ZL 
L\Z^y)\t®i^l CS(D\i^ti\-tUV^)V\Zf^^. ^fz> 
UnMmz\t.V fb(lVre fi:0$^ {C(gli Ix^^KC 
50 U^TztblZ. it^^ I C 1 2 <DSgA*«^lC«V r e 
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"toyfceb^z. Itm^i C6<Da^MtHU^)VliZ. JtRgg 

I C 1 2 (DlhtfltL U^JVlZU-oXl^^^. 
[0097] (t = tl'-t2)zi >5=^>+hC 7 (DM^ 
HHVc 7f)W f h^m^^tit^^ I C6(Dmtjf)^l^ 

U^MZf3i^^ itSig I C 1 2 \z^\^^x\t.^rzK 

UXti^=F\zmxi^nx\^^^n&v r e i <D:^f)^^\^^a:> 

^ 1 con >'T>1)-X^^:3>y'>-^C 7 coM^mmv c 

7f)^V f b^m^^Zt\tX-r ^y^>^m^Q 1 (D^- 

[0 0 9 8] (t = t2'-t3) 3>^>1j-C 7C0|^)S 
mjEV c 7 7&^V r e f <hittfi^Sg I C 1 2 (Dm* 

yUy^yayZfl CI l^^^JiL^yh^tl^o RSy^ 
yZfyUy':fl C 1 h^tl^t. ^(DH^tif)^ 

l^U^MZfSir). K^-ryielSSl S^rfrLTX-f ^y^> 

^m^Qi^i$^->:ty^^^. ^tiit:>t>. W.2(ony 

LTVr e f chS^M-T-S C «h;f&^*;^^-f ^>^>^^^ Q 1 CD 

^m^Q 1 (DMLfb-t >mfAti^zi >^>^c 7 (DMsmjE 

Vc 7^*±#LTV r e f ^S^^t-S STCD&lfHTf^^^ 

I c 1 2. s^pmffiii^v r e f ^^tsm^mmMmz 
-tym^mmmmz^^T.^ y^>^m^(r>^->^y 
m^^nm^^^^b^ymmwc^mi^tiU-yxi^^^z.^ 

f)^t>i)^^. r^id. :2>y:>'^)-C7(DmMm&V c 7^W 

r e f ^m;^^^x<Dmmf>m^\^:t>mmizfs:^m!b\z 

E<Dft!ltC*^^v;l.^A*<:/U~^2 3, ffitrLR9, *5 

[0 0 9 9] y.-( y^>^mTQif)^^—>^y'r^ 

=i:k^mN2^^^mm,^m^^2i.zmm^mn^ 
tb. mm^zmmmmN 3 (DMEEv b i a sf)^M,\zu^rz 

f)mm^ii&tb^t^<\z^(Dmmms.v c 73OW r e f 
<k^i&<r^^rzi^. ]tm^i.ci 2<Dmt}\tLu^jit 

[0100] (t = t3'-t4) X^y^>^m^Q 1 

^^^y<Dm\z~'^mm.N 2t^'bmm^m\B\m2^zm.nm 

-tmrn^^ifuizf^^h. !I»j1#^N 3C0«EEVb i a s 

:^\^(Dmzj:-DXjt^^ I c5mm^xt}^'f-<omEE 
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mzfji^. :L(Dmj^.xit^^fzzi>^y^ 

c7(Dm^mEEyc 7f)^v f b ^^m^^tzisbizitm^ i 

C ecDOitJiftLU^Jl^m^T^rz^. ANDIeIg§IC 

7 (Dttif3hi.u^j]^^mmv. RSyU yzfyay;/! 

ajEVb i a s tCct^X-f y^>^m^Q 1 (Dr^' — >:t 

hzz'Am^^N 2(Di^'rn\zhmm:^^&tiu\^'^^m^u^ 

tzi^. mmm^'e-\iX{t:fSi<fS.^. mEEVb i a st* 

10 ^mLUf)^^u.nL. -^n^zjt^cx^t^mi C5(7)mti 
{tHu^)i^ti.u^ju^^Mizmo^M^o -^LT. mm 

V b i a s i:. itK^ I C 5 m^Km 

X:tjmi^(Dmmtifui,zfSi^f)^. ^teA:*)S^fcH/h$ 

r<$i^(omEEm(o:ty±:y hmmmv o f f T^^g^^^tiT 
>itc 7ti^i^<sg^4fi:m^n, ^(Dp^iSmjEv c 7 tifi 

[0101] (t = t4'-)a >5^>-tfC 7 (Dl^iSmffi 
Vc7^W f b^TlHl-S^titt^gg I C6CDffi*;(>mi/^ 
20 ^I/^hT^Ji-So itmm I C 5 COffi;fjti-rTtCH i^^JUiZfji'D 
Xl^y^rzab^Z. ANDm^l C7(Dmti^HU^)l\Zf3i 

0. •^(D\L^±f}^D^h^JtJtl.XRSy^Jyyyay 

zfi CI if)^±:yh^n^o Rsy^)yzfyuy:/\ c 

^-rzrm^i s^ifri^xy.-^ y^>cfm^Q i > 

7^>1tC 7 (Dj^SamV c 7 :^>^*V f b ^^SMT^ Z.hf)^ 

r-S h U:^{c;:j:^o V f b{tM^f)m<U^i^^f&TT 
30 'SJ^fi^tc, I3>^>1^-C 7coMS«JEVc 7;J>^**fc«tCci: 
oTiSTbTV f b^T\s!^^X<ommh^^f)m\^>\^i 

7, itKglCS, IC6, :r:7-feu/ h^jEi^Vo f 
f, AND{nIg§IC7, R S :7 u y:7n^y y I C 1 

1. K^<yiHl«&l 3, — HA'!yi5^Sffi5§^ 

:tymm^M.^^^m<u^i^E&<r^^^oizmmT^ 
:tymmmmm^x^^:ihf}^tDfi^^o 

[0 10 2] i^^^^m^i S^^^y.'i y^>^mTQ 

40 i^^—>:t>^'^^rzf!b<Dihtt\t. mmzm^^'^)i^ 

2 3\z^h ^y-^m^t.i.xxti^n^o 
z.twz^'oxm^&'^jv^n^^/v—^ 2 3o:>\^i3\t.— 

mm\Z\lV^)V\ZUK>. Cim^'ffitrCR 9^^M.T h^> 
zyy.^QS<0^—X\zmm^n^:i^\z^-oXhy>i^ 
7.^Qbf)^-mm\Z:^>^m\ZtS.^. h^>z^X^Q5 

^^:t>^mAzfji^z.t\zJ^'oX:ny^y-^C 7 izWk.^ 

nx^^rzm^:^mm^zmn^n. a>7'>-ttc 7<dm« 

mEEVc 7ti0 VtcUHr^y h^n^o Ztli^mit t = 0 

50 [0103] Wim\ZZi>y'>'*)-C 7 <Dmi^mj£v c 7 
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V r e f ^&^^^^(Dmm:^mn^^>m?^\zu^mm 

-So Vr e i\t-'&flfi^V f b fim^S<^;K:#$ (Cct-ipT 

3{CJ:oTn>7'>itC r^UiT'y h-r^<!:> n>T'> 

{i**^-^;U^A*-f :/U~:^2 3, ffittR9. *3j;r;:h 
[0 10 4] J!^±. S5^ia6^ffiV^Ti5i§^L;^J:-5 

[0 10 5] CtlfCcfcoT, 6^^^B#cr)X-f ^y^>^il 

[0 10 6] i^j:^, ±tec7)i^H^coj;3{c. #NSft?^B#-r 

u^%'t>mfmYmm^iimv^\^'x\^^^t.^\z\%. mi 

Vc 7(iV f bfc?^LTiev^Sm7:)^^<g:</cJ:^;^[^Tifi 
'C?ViT3SMbTli'5o H 1 con >^>-tl-ODM 
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^« ccOcfc^fc, l-3(^)zi>7^>ij-c 7?&^*mi 0Dn>5=^ 
>tl-^m3cDn>5'>-tt(Oltfig^*-t3[TVi^Ac^. 

[0 10 7] ^fc, lo<D:3>5='>itC 7 7j)^'||lOzr> 
[0 10 8] t^^. Jil2(7)6-^M«^!ltC43l^iTti. S/h:^ 

[0 10 9] ^fc, ±fB(7)#g^M^J{::4Di^T(l> mi> 
^2, m3con>x>li-(DMiS^JBE7&^*5femfeb<tia:m 

cfc o TS^pSm ^ -5 1. i (i >r - H A >;/ ^ mm i: 

^^LT43t.iT. mMmz^\^^x\x'%m.mzw^m&^ 

ip^EE ^ -5 (/ i tl :7 — H /\* «JE i: ^^'b\zf^ 
o T i ^> ^3fem»f fC32MT -5 J: 3 U T t> ^^nc I i 

[0 110] ±M(r>^'mm\z^^i^-(:\t.. m 

1> ^2, |g3cor3>^>lt(7)fag^mEE;0^'a£pmJEEfe^ 
<D — ^ ^ fl — > ;t :7 CD N U i^^ S 

yty(OhOiS^^^^:^^^J:vi<ztj:'DX\^^^. :i(DJ:v\z. 

mi. m2, m3<Dzi>y'>i)-<DmMmmtmmm&^ 
ffli^Tfe^^/cfii^^o ^co«^(3(i, mi, m2. mscD 

n > > 1f r^SSajE;^^*S2pffim -5 1, i « :7 >r — H / N* ^y 

50 [0 1 1 1 ] iii7{c:, ^^m(Dmi^mm<D-mmm(Dm^ 
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ffi^^r^-To El7tC43t.iT, S^l^®(7> IOTA'S :/U 

[0112] y u >^ 3 0 <7)aiw»if^(cBa-r'5gp^i'«> 

[0 113] f^^. ig7tC^b;^yU>^3 0{C^(/iT 10 

[0 114] ^fc. ^mmcDrnTmrnit-yoy^iizm^ 

[0 115] 

tf, y^-\^/'<^y^m^^zm':s\,^xmtfnEE^^-mz:/^ 
^<i:3\z. 4mn^m\zm^(Dm4^^>mm^o±^i^^ 
mmx:t>mm^mmi^. mM.wm^zyi->mm^m^\^:t 
ymm\zm^Lx^ymm^mm'r^z,t.\zjz^x. m 
M,^m(07.-( y^>i^m^(D{&m^m^ctf>^x^^. 

[0 116] ^tz. ^%m<Dm^mm\z:$^^^x\^. 
m(D7.^ -j^>^mmmm^m^^^:zh\z^^x. ^« 

[isi] v'f'>^nmmm(D-mmm^^ 

[EI2] mi(D7s-( y^>^mMmm(D (a) ^1#St<h 
(b) Sft?S»#tC;fett^, Vbias, Vc4, Vc 

[S3] :^^m^7.^ -j^>'^mumm.(r>m(om:mm^ 
T^^^nmx^^. 

[gI4] lascDX-f ^:/^>^mM^g<0 (a) ^^nt: 
(b) Sft^^B^tC^B^t-S, Vbias,Vc6, Vc7 40 
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[0 5] ^^moyT.'i v^>'^nMmm(o^^\zm(on 
mm^^-tm^mx^^. 

[06] Iil5<7)7.-r ^y^>i5^«#.ISMC0 (a) ^t&»t<h 
(b) ^ft^^PfptC^oit^. Vb i a s> Vc 7 (Onm^ 

it^TT^T^'&mx^^. 

[0 7] ^l^^c^m^^gCD-mg^sj^^f^^^Tfe 

1. 10, 2 o- x-f ^;/^>i>'mMsa 

2- M^¥?&lHlSS 

3- a:5:^mEE^ttlHlg& 

4, 11, 2 1 -^iJiaf [Hiss 

12.2 2"'mmm^ 

1 3-H^'<y[eIgS 

2 2-*^^v;i/^A*-r:/i^— 

3 0-yU>:$^ 

Ni — • 
N 2 

N 3 -wmm^ 

V i n •••lEo^^M 
R 1 -eiftfitn: 

R2. R3. R4, R5, R6. R7, R8> R 9 — S 
Si 

CI, C2, C3, C4, C5, C6, C7, C8 

Q 1 —Ts^ v^y^fm^ 

Q2. Q3, Q4'-h^>>^X^ 
D 1 , D 2, T^A'-y^^— K 
D3-^yx:h-y-r:t-K 

I '""^mmm 

V r e f -S^PmEEM 

V o f f *-:^:7'tr^> V^]i,m. 

PT — :7:t h h^>yx^ 

ICl. IC2. IC3. IC5, IC6, IC8, I 
C9-Jt»§g 

IC4, IC7, I C 1 O'-ANDIUK 

I c 1 1 -Rs:?'; yzfyuv^ 



(15) 



4#ig2 0 0 2 
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